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SOUND ABSORBING STRUCTURE 



Background of the Invention 

JL, Field ,, of the Invention 

The present invention relates to a sound absorbing 
5 structure constituted by a porous member. More particularly 
to a sound absorbing structure for use in an engine cover for 
an automobile, a sound insulating cover or the like. 

2L Description of the Related Art 

In general, a fact has been known that a porous member 
10 such as open-cell foam and glass wool has a satisfactory sound 
absorbing characteristic. Therefore, the porous member has 
been used to absorb sound, for example, in the engine cover or 
the bonnet of an automobile in order to eliminate noise 
propagated from an automobile. However, the thickness of the 
15 porous member constitute by the open-cell structure must be 
enlarged to raise the sound absorption coefficient in the 
midrange and the bass range. Since the space in the inside 
portion of the engine cover or in the inside portion of the bonnet 
is limited, there are many cases that the thick sound absorbing 
20 member cannot be disposed. Therefore, there are disadvantages 
such that the conventional porous member having the open-cell 
structure or continued voids cannot attain a satisfactory sound 
absorbing effect. 

Moreover, a porous member having a cell structure 
25 obtained by mixing the open-cells and closed-cells has been 
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-employed. In addition, a porous member constituted by an 
open-cell urethane foam member with a coating film has been also 
employed as a sound absorbing member . The porous members having 
the above-mentioned mixed-cell structure and the open-cell 
5 urethane foam member with a coating film have a sound absorption 
peak in a relatively low frequency range. However, a 
satisfactory high peak value cannot be obtained. As the 
thickness is increased, the sound absorption peak is shifted 
to the low frequency range. However, since the width of the 
10 peak frequency is too narrow, only when a material having a 
thickness corresponding to a frequency in a vicinity of a 
specific and single frequency of a sound source is employed, 
a somewhat satisfactory sound absorbing effect is sometimes 
obtained. 

15 However, there are may cases that thickness of the 

porous members cannot be changed because the structure of the 
position for use, for example, the inside portion of the engine 
cover or the inside portion of the bonnet, restricts the 
thickness. In general, noise from the engine room of an 

20 automobile has a frequency range having a somewhat large width. 
The porous member having the mixed-cell structure cannot 
attain a satisfactory sound absorbing effect because the width 
of the peak frequency of the sound absorption coefficient is 
too narrow and the peak frequency depends on the thickness. 

25 In addition to the above-mentioned porous members, a 

porous member having a cell structure constituted by only 



- 2 - 



-closed-cells has been also used. For example, sponge and 
expanded rubber are used as this kind of porous member. However, 
the sound absorption coefficient is too low in the overall 
frequency range. Therefore, substantially sound absorbing 
5 effect cannot be obtained. 

Also a perforated plate is employed which is a 
resonant-type sound absorbing structure incorporating an air 
layer disposed at the rear of a hard board having through holes . 
Although a usual perforated plate has a somewhat satisfactory 

10 sound absorbing characteristic in a single frequency range, the 
overall sound absorbing characteristic is unsatisfactory. It 
is known that a urethane open-cell foam or glass wool provided 
for the rear air layer of the perforated plate enables the sound 
absorbing characteristic to be improved. The sound absorbing 

15 characteristic, however, is unsatisfactory. 

For example, a sound absorbing structure has been 
disclosed in JP-A-9-13943 which has a structure that a sound 
absorbing base and a perforated skin member are combined with 
each other. In JP-A-56-157347 , a sound absorbing structure has 

20 been disclosed which has a structure that a porous member and 
a perforated film are combined with each other. In JP-A- 
56-15734 6, a sound absorbing structure has been disclosed which 
has a structure that a porous member and a soft resin sheet 
provided with air chambers are combined with each other. The 

25 foregoing sound absorbing structures has a satisfactory sound 
absorbing effect in only a specific frequency range. In only 
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'a case where a frequency range of noise which is actually made 
and a frequency range in which the sound absorbing effect is 
obtained coincide with each other , noise can be reduced. The 
frequency range in which the sound absorbing effect can be 
5 obtained cannot arbitrarily be controlled. Therefore, there 
arises a problem in that noise reduction cannot usually be 
achieved. To enhance the sound absorbing effect of the 
foregoing sound absorbing structure, the thickness of the sound 
absorbing structure must be enlarged. However, if the sound 
10 absorbing structure having a large thickness cannot be provided 
owing to a space limit, noise cannot be reduced. 

Hereinafter, the above-mentioned porous members 
including open-cells and/or closed-cell are generally called 
also as * f oam members/' 

15 Summary of the Invention 

In view of the foregoing, an object of the present 
invention is to provide a sound absorbing structure and a sound 
insulation cover having a satisfactory sound absorbing 
characteristic over a wide frequency range and improving the 

20 sound absorbing characteristic in a required frequency range 
to meet a purpose or the like and the total sound absorption 
coefficient in a wide frequency range. In addition, it is also 
an object of the present invention to provide an engine cover 
incorporating the sound absorbing structure. 

25 The inventors of the present invention have 
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-energetically performed studies . As a result, it has been found 
that a special process to which a foam member having a specific 
cell structure enables a satisfactory sound absorbing effect 
to be obtained in a wide frequency range. Moreover, the sound 
5 absorbing characteristic in a required frequency range can 
easily be improved. Moreover, it has been found that an 
equivalent sound absorbing characteristic can be attained even 
if the thickness is half or smaller as compared with the sound 
absorbing material constituted by the conventional foam member. 

10 Thus, the present invention is established on the basis of the 
foregoing facts. 

That is, according to the present invention, there is 
provided a sound absorbing structure comprising a foam member 
having a cell structure formed by mixing open-cells and 

15 closed-cells, wherein a plurality of through holes, which 
penetrate through the foam member, and/or non-through holes, 
which do not penetrate through the foam member, with a specific 
diameters, shapes and depth are formed in the foam member and 
an engine cover for an automobile incorporating the sound 

20 absorbing structure. 

Moreover, a structure has been found in which foam 
members each having a specific cell structure are stacked in 
a specific state. This structure enables a satisfactory sound 
absorbing effect to be obtained over a wide frequency range. 

25 Moreover, the sound absorbing characteristic in a required 
frequency range can be easily improved. As compared with a 
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-sound absorbing material constituted by a conventional foam 
member, an equivalent sound absorbing characteristic can be 
obtained if the thickness is half or smaller. Thus, the present 
invention has been established on the basis of this facts. 
5 That is, according to the present invention, there is 

provided a sound absorbing structure comprising two or more 
stacked layers of foam members each having a mixed-cell 
structure of open-cells and closed-cells and an engine cover 
for an automobile incorporating the sound absorbing structure. 

10 Furthermore, a special hole formation in a foam member 

having a specific cell structure enables a satisfactory sound 
absorbing effect to be realized in a wide frequency range. 
Moreover, the sound absorbing characteristic can be easily 
improved in a frequency range having a certain width including 

15 a required frequency. As an alternative to this, the sound 
absorption coefficient in a wide frequency range can totally 
be improved so that arbitrary control of the sound absorbing 
characteristic is permitted. Another fact has been found that 
a sound absorbing characteristic equivalent to the conventional 

20 sound absorbing member comprising the foam member can be 
realized if the thickness is half or smaller. Thus, the present 
invention is established on the basis of the foregoing facts. 

That is, according to the present invention, there is 
provided a sound absorbing structure comprising a foam member 

25 having a cell structure formed by mixing open-cells and 
closed-cells with one another, wherein the area of opening of 
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-each diameter-varied hole formed in the surface opposite to a 
sound source is largest and the area of opening of each 
diameter-varied hole is reduced in a direction of the thickness 
of the foam member and an engine cover for an automobile 
5 incorporating the sound absorbing structure. 

Moreover, the following fact was found: a structure 
comprising a coating film formed on at least a surface of a porous 
member including continued voids which is opposite to a sound 
source; and through holes penetrating the coating film and the 

10 porous member so that the areas of openings of the through holes 
are adjusted. Thus, the sound absorbing characteristic in a 
required frequency range can easily be improved. Moreover, the 
sound absorbing characteristic can easily be controlled. When 
the sound absorbing structures are laminated,, a satisfactory 

15 sound absorbing characteristic can be realized in a wide 
frequency range. As compared with a conventional sound 
absorbing member comprising a foam member or a molded fibrous 
material, a sound absorbing characteristic as well as or better 
than that of the conventional sound absorbing structure can be 

20 realized even if thickness of the foam member is not more than 
half of the conventional one. When the foregoing sound 
absorbing structure is mounted on a cover, the sound insulation 
characteristic of the sound insulating cover can be improved. 
The present invention is established on the basis of the 

25 foregoing fact. 

That is, according to the present invention, there is 
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-provided a sound absorbing structure comprising: a coating film 
formed on at least a surface of a porous member including 
continued voids which is opposite to a sound source; and through 
holes penetrating the coating film and the porous member and 
5 a sound insulating cover comprising the sound absorbing 
structure . 

Brief* Description of the Drawings 

Fig. 1 is a portion of a plan view showing an first 
embodiment of a sound absorbing structure according to the 
10 present invention; 

Fig. 2 is a portion of a plan view showing another 
example of the first embodiment of the sound absorbing structure 
according to the present invention; 

Fig. 3 is a portion of a plan view showing another 
15 example of the first embodiment of the sound absorbing structure 
according to the present invention; 

Fig. 4A is a diagram showing an example of a third 
embodiment of a sound absorbing structure according to the 
present invention; 
20 Fig. 4B is a sectional view taken on line A - A of Fig. 

4A; 

Fig . 5A is a diagram showing another example of the third 
embodiment of the sound absorbing structure; 

Fig. 5B is a sectional view taken on line A - A of Fig. 

25 5A; 
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Fig . 6A is a diagram showing another example of the third 
embodiment of the sound absorbing structure; 

Fig. 6B is a sectional view taken on line A - A of Fig. 

6A; 

5 Fig. 7A is a diagram showing another example of the third 

embodiment of the sound absorbing structure; 

Fig. 7B is a sectional view taken on line A - A of Fig. 

7A; 

Fig . 8A is a diagram showing another example of the third 
10 embodiment of the sound absorbing structure; 

Fig. 8B is a sectional view taken on line A - A of Fig. 

8A; 

Fig. 9A is a diagram showing another example of the third 
embodiment of the sound absorbing; 
15 Fig. 9B is a sectional view taken on line A - A of Fig. 

9A; 

Fig. 10A is a diagram showing another example of the 
third embodiment of the sound absorbing structure; 

Fig. 10B is a sectional view taken on line A - A of Fig. 

20 10A; 

Fig. 11 is a graph showing results of measurement of 
the sound absorption coefficient of sound absorbing structures 
according to Examples 18 and 19; 

Fig. 12 is a graph showing results of measurement of 
25 the sound absorption coefficient of sound absorbing structures 
according to Examples 18, 2 0 and 21; 
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Fig. 13 is a graph showing results of measurement of 
the sound absorption coefficient of sound absorbing structures 
according to Example 18 and 22; 

Fig. 14 is a graph showing results of measurement of 
5 the sound absorption coefficient of sound absorbing structures 
according to Examples 18 and 23; 

Fig. 15 is a graph showing results of measurement of 
the sound absorption coefficient of sound absorbing structures 
according to Examples 18 and 24; 
10 Fig. 16 is a graph showing results of measurement of 

the sound absorption coefficient of sound absorbing structures 
according to Examples 25 and 2 6; 

Fig. 17 is a graph showing results of measurement of 
the sound absorption coefficient of sound absorbing structures 
15 according to Examples 27 and 28; 

Fig. 18 is a graph showing results of measurement of 
the sound absorption coefficient of sound absorbing structures 
according to Comparative Examples 13, 14, and 15; 

Fig. 19 is a graph showing results of measurement of 
20 the sound absorption coefficient of sound absorbing structures 
according to Comparative Examples 16, 17, 18 and 19; 

Fig. 20A is an a diagram showing an example of a fourth 
embodiment of a sound absorbing structure according to the 
present invention; 
25 Fig. 20B is a sectional view a sectional view taken on 

line A - A of Fig. 2 OA; 
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Fig. 21A is an a diagram showing another example of the 
fourth embodiment of the sound absorbing structure; 

Fig. 21B is a sectional view a sectional view taken on 
line A - A of Fig. 21A; 
5 Fig. 22A is an a diagram showing another example of the 

fourth embodiment of the sound absorbing structure; 

Fig. 22B is a sectional view a sectional view taken on 
line A - A of Fig. 22A; 

Fig. 23 is a cross sectional view showing an embodiment 
10 of a sound insulating cover according to the present invention; 

Fig. 24 is a cross sectional view showing another 
embodiment of a sound insulating cover according to the present 
invention; 

Fig. 25 is a cross sectional view showing another 
15 embodiment of a sound insulating cover according to the present 
invention; 

Fig. 2 6 is a schematic view showing the structure of 
a measuring apparatus for measuring sound absorbing 
characteristics of Examples 34 to 38 and Comparative Examples 
20 26 to 31; 

Fig. 27 is a graph showing results of measurement of 
sound absorption coefficients of sound absorbing structures 
according to Example 29 and Comparative Examples 20 and 22; 

Fig. 28 is a graph showing results of measurement of 
25 the sound absorption coefficients of the sound absorbing 
structures according to Example 29 and Comparative Examples 23 
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-and 24; 

Fig. 29 is a graph showing results of measurement of 
the noise insulation effects of the sound absorbing structures 
according to Example 35 and Comparative Examples 27 and 29; 
5 Fig. 30 is a graph showing results of measurement of 

the noise insulation effects of the sound absorbing structures 
according to Example 35 and ^ Comparative Examples 30 and 31; 

Fig. 31 is a graph showing results of measurement of 
the sound absorption coefficients of the sound absorbing 
10 structures according to Example 2 9 and Comparative Example 25; 

Fig. 32 is a graph showing results of measurement of 
the noise insulation effects of the sound absorbing structures 
of Example 35 and Comparative Example 32; 

Fig. 33 is a graph showing results of measurement of 
15 the sound absorption coefficients of the sound absorbing 
structures according to Example 2 9 and Comparative Example 26; 

Fig. 34 is a graph showing results of measurement of 
the noise insulation effects of the sound absorbing structures 
according to Example 35 and Comparative Example 33; 
20 Fig. 35 is a graph showing results of measurement of 

the sound absorbing structures according to Examples 33 and 24 
and Comparative Example 21; 

Fig. 3 6 is a graph showing results of measurement of 
the noise insulation effects of the sound absorbing structures 
25 according to Examples 39 and 4 0 and Comparative Example 28; 

Fig. 37 is a graph showing results of measurement of 
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-the sound absorption coefficients of the sound absorbing 
structures according to Examples 29 to 31; 

Fig. 38 is a graph showing results of measurement of 
the noise insulation effects of the sound absorbing structures 
according to Examples 35 to 37; 

Fig. 39 is a graph showing results of measurement of 
the sound absorption coefficients of the sound absorbing 
structures according to Examples 29 and 32; and 

Fig. 40 is a graph showing results of measurement of 
the noise insulation effects of the sound absorbing structures 
according to Examples 35 and 38. 

Detailed Description of the Preferred Embodiments 

Now, the first embodiment of the present invention will 
be described in detail. 

In general, the cell structure of a foam member is 
classified roughly into one including only open-cells, mixture 
of the open-cells and closed-cells and only closed-cells. 

The foam member constituted by only the open-cells has 
a low normal incidence sound absorption coefficient in the low 
frequency region. Therefore, the thickness of the material 
must be enlarged. If through holes, which penetrate through 
the foam member, or non-through holes, which do not penetrate 
through the foam member, are formed in the foam member having 
the open-cells structure, the sound absorbing effect cannot be 
improved. On the contrary, the effect deteriorates in some 



V 



'cases . 

On the other hand, the foam member constituted by only 
closed-cells has a low normal incidence sound absorption 
coefficient in the overall frequency range . When through holes 
5 or non-through holes are formed in the foam member having the 
closed-cell structure, the sound absorbing effect can be 
improved. The obtained structure has a low peak value of the 
sound absorption coefficient. Also the width of the peak 
frequency is too narrow to overcome the above-mentioned 
10 problem. 

The sound absorbing structure according to the present 
invention comprises a foammember having a cell structure formed 
by mixing open-cells and closed-cells, and a plurality of 
through holes and/or non-through holes are formed in the foam 

15 member. Thus, a satisfactory sound absorbing effect can be 
obtained. Moreover, the sound absorbing characteristic in a 
required frequency range can easily be improved. 

It is preferable that the main component of the foam 
member having the cell structure formed by mixing the open- 

20 cells and the closed-cells is rubber or elastomer. With these 
materials, soft foam members can be formed so that a sound 
absorbing mechanism using vibrations of membranes of cells 
appears. Therefore, a sound absorbing structure having a 
satisfactory sound absorbing characteristic can be obtained. 

25 The rubber or the elastomer is exemplified by any one of a 
variety of rubber, such as natural rubber, CR (chloroprene 
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rubber) , SBR ( styrene butadiene rubber) , NBR (nitrile butadiene 
rubber) , EPDM (ternary polymer of ethylene, propylene and 
diene) rubber, silicon rubber, fluorine rubber and acrylic 
rubber, and any one of various elastomers, such as a 
5 thermoplastic elastomer and soft urethane . Even though, the 
material is not limited to the foregoing materials, a foam 
member mainly composed of EPDM rubber is a satisfactory material 
for an engine cover for an automobile since it has the 
satisfactory balance among the heat resistance, ozone 
10 resistance and the cost* 

Also a sheet constituted by foam members made of EPDM 
or NBR and marketed as a waterproof sealer for a construction 
material or low electricity may be employed. 

The foam member according to the present invention has 
15 the mixed-cell structure obtained by mixing open-cells and 
closed-cells. Therefore, when the ratio of the open-cells is 
increased, the problem of the foam member including only 
open-cells arises. When the ratio of the closed-cells is 
increased, the problem of the foam member including only 
20 closed-cells arises. 

In general, the foam member having the open-cell 
structure has a high coefficient of water absorption, and the 
foam member having the closed-cell structure has a low 
coefficient of water absorption. The foam member having the 
25 mixed-cell structure of the open-cells and the closed-cells has 
an intermediate coefficient of water absorption. Therefore, 
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when the coefficient of water absorption is specif ied, the ratio 
of open-cells and closed-cell can be determined. The 
coefficient of water absorption is measured by method B of JIS 
K6767. It is preferable that the coefficient of water 
5 absorption of the foam member according to the present invention 
is not lower than 0.01 g/cm 3 nor higher than 0.2 g/cm 3 , more 
preferably not lower than 0 . 02 g/cm nor more higher 0 . 15 g/cm , 
and most preferably not lower than 0.04 g/cm 3 nor higher than 
0.1 g/cm 3 . The foam member having the mixed-cell structure of 
10 the open-cells and the closed-cells satisfying the frequency 
range is able to significantly improve the sound absorbing 
characteristic when through holes or non-through holes are 
provided. 

Since a foam member having a low bulk density has a low 
15 normal incidence sound absorption coefficient in the low 
frequency range, the thickness of the material must be enlarged. 

If ^through holes or non- through holes are formed in the foam 
member having a low bulk density, the sound absorbing effect 
cannot substantially be improved. The sound absorbing effect 
20 sometimes deteriorates. 

On the other hand, the foam member having the high bulk 
density exhibits a low normal incidence sound absorption 
coefficient in the overall frequency range . When through holes 
or non-through holes are formed in the foam member having a high 
25 bulk density, the sound absorbing effect can be improved. 
However, the obtained sound absorbing structure suffers from 
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a low peak value of the sound absorption coefficient, and the 
width of the peak frequency is too narrow to overcome the 
foregoing problem. 

Therefore, the foam member according to the present 
invention has densities satisfying a specific range. It is 
preferable that the bulk density of the foam member according 
to the present invention in a state where the through holes or 
non- through holes are formed is not lower than 2 0 kg/m nor more 
than 400 kg/m 3 , more preferably not lower than 30 kg/m nor more 
than 300 kg/m 3 , and most preferably not lower than 50 kg/m nor 
higher than 200 kg/m 3 . The foam member having the mixed-cell 
structure of the open-cells and the closed-cells satisfying the 
foregoing range is able to improve the sound absorbing 
characteristic when the through holes or non-through holes are 
provided. 

In general, a sound absorbing mechanism is imparted to 
the, foam member of a soft type owing to vibration of the cell 
films. Therefore, a structure having a satisfactory sound 
absorbing characteristic can be obtained. On the other hand, 
a hard foam member cannot realize the sound absorbing mechanism. 

On the other hand, a hard foam member cannot realize the sound 
absorbing mechanism. Therefore, only a low normal incidence 
sound absorption coefficient is exhibited in the overall 
frequency range. If the through holes or non- through holes are 
formed in the hard foam member, the sound absorbing effect can 
be improved. However, the obtained sound absorbing structure 



suffers from a low peak value of the sound absorption 
coefficient. Also the width of the peak frequency is too narrow 
to overcome the foregoing problem* 

Therefore, it is preferable that the foam member 
according to the present invention has compressive hardness 
satisfying a specific range. Specifically, it is preferable 
that the compressive hardness is 0.5 N/cm or lower at 
25 %- compressive hardness, preferably 0.3 N/cm or lower, and 
most preferably 0.1 N/cm 2 or lower. The foam member having the 
mixed-cell structure of the open-cells and the closed-cells 
satisfying the foregoing 25%-compressive hardness is able to 
improve the sound absorbing characteristic when the through 
hole or the non- through hole are provided. Note that the 
25%-compressive hardness is measured by a method conforming to 
JIS K6767. 

In general, the foam member has a film structure on the 
surface thereof when the foam member is manufactured. The film 
structure is cut and disposed of or the same is maintained. In 
the present invention, the sound absorbing characteristic in 
the low frequency range can be improved when the foam member 
of a type that the foregoing film structure is maintained. If 
the thickness of the material is reduced, a sound absorbing 
structure can be obtained which has a sound absorbing 
characteristic equivalent to the foam member having no film 
structure . 

Therefore, it is preferable for the present invention 



that the foam member having the film structure maintained on 
at least one surface is employed. When the sound absorbing 
structure is provided, the sound absorbing structure is 
disposed such that the film structure side faces the sound 
source. In a case of non-through holes, the non- through holes 
are formed in the film structure portion. 

The sound absorbing structure according to the present 
invention is structured by forming a plurality of the through 
holes and/or non- through hole. The non-through hole may be 
formed by providing a recess having a predetermined depth in 
the direction of the thickness of the foam member. As an 
alternative to this, a foam member having the through holes and 
a foam member having no through hole may be stacked and bonded 
to each other. 

When the sum of the areas of opening (hereinafter called 
a "total area of opening") of the through holes and the 
nonrthrough hole is too small with respect to the total area 
of the sound absorbing structure, a satisfactory sound 
absorbing characteristic cannot be realized. If the ratio of 
the total area of opening is too high, the sound absorption 
coefficient sometimes deteriorates as compared with the foam 
member structured such that the through holes and the non- 
through hole are not formed. 

Therefore, it is preferable for the present invention 
that the ratio of the total area of opening has a value satisfying 
a specific range. It is preferable that the value is not lower 



than 1 % nor higher than 70 %, more preferably not lower than 
3 % nor higher than 50 % and most preferably not lower than 5 % 
nor higher than 40 %. A sound absorbing structure having the 
total area of opening which satisfies the foregoing range is 
5 able to greatly improve the sound absorbing characteristic. 

In the present invention, the diameter and the shape 
of opening (the planar shape of the hole) of each of the through 
holes and the non-through holes, the depth of the non-through 
hole and the configuration may be arbitrarily determined. 

10 For example, as shown in Fig. 1, through holes or 

non-through holes 2 may be formed in the overall surface of a 
foam member 1 at intersections of a lattice formed apart from 
one another for the same intervals. At this time, the diameter 
of each of the through holes or the non-through holes 2 is 

15 enlarged or the number of holes per unit area is enlarged. That 
is, when the intervals of the lattice is reduced, the sound 
absorption coefficient in the high frequency range can be 
improved. When the diameter of each of the through holes or 
the non-through holes 2 is reduced or the number of the holes 

20 per unit area is reduced, that is, when the interval of the 
lattice is enlarged, the sound absorption coefficient in the 
low frequency range can be improved. Therefore, the sound 
absorption coefficient in a required frequency range can be 
improved by appropriately determining the diameter of each of 

25 the through hole or the non-through hole or the intervals of 
the lattice. 
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In the present invention, two or more types of through 
holes or non-through holes having different diameter, shapes 
of opening and depths may be mixed with one another. As a result 
of the foregoing mixed arrangement, a structure having an 
excellent sound absorbing characteristic over a wide frequency 
range can be obtained. 

For example, as shown in Fig. 2, two types of through 
holes or non-through holes 2 having different diameters may be 
formed at intersections of a lattice formed apart from one 
another for the same distance such that different types of 
adjacent through holes or non- through holes in rows and columns 
of the intersections. Moreover, through holes or non- through 
holes positioned on the diagonal of the cells are of the same 
types . 

Although omitted from illustration, a mixed 
arrangement may be employed as a substitute for changing the 
diameter of the hole that the shape of opening or the depth of 
the non- through hole is changed* 

When the foregoing arrangement is employed, an 
intermediate sound absorbing effect of the structure in which 
only the through holes or non-through holes having the same 
diameter or the shape of opening is realized. Thus, a high sound 
absorption coefficient can be exhibited over a wide frequency 
range . 

In the present invention, the number of the through 
holes or the non-through holes may be varied per unit area 



according to the position (the planar position) of the foam 
member. Also in this case, a sound absorbing structure having 
a satisfactory sound absorbing characteristic over a wide 
frequency range can be obtained* 

For example, as shown in Fig. 3, a plurality (four in 
the case shown in Fig. 3) of through holes or non-through holes 
2 may be formed around each intersection of a lattice. In this 
arrangement, portions in which the distance between the lattice 
is narrow {= a) and portions (= b) in which the distance is wide 
alternately appear. As a result, the bulk density of the 
through holes or the non-through holes 2 is complicatedly 
changed. As a result, the sound absorbing effects of the 
individual through holes and the non-through hole formed at the 
intersections of the lattice apart from one another for the same 
intervals are added. Therefore, a high sound absorption 
coefficient can be exhibited over a wide frequency range. 

The arrangement shown in Fig. 3 may be formed into a 
further complicated mixed form by changing the diameter or the 
shape of opening of each of the through holes or the non-through 
hole or the depth of the non- through hole. 

As an alternative to the lattice configuration, a 
random configuration may be employed. 

The shape of opening of each the above-mentioned 
through hole and the non-through hole 2 may be formed into an 
arbitrary shape, for example, an elliptic shape, a triangle 
shape, a square shape or a polygonal shape as a substitute for 
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the circular shape. 

Similarly to the sound absorbing material constituted 
by the conventional foam member, the sound absorption 
coefficient can be improved as the thickness of the sound 
5 absorbing structure is enlarged if the through holes or the 
non- through holes are the same. On the contrary, when the 
thickness is reduced, the sound absorption coefficient in the 
high frequency range can be improved. Thus, the frequency range 
in which a satisfactory sound absorbing effect can be obtained 
10 varies according to the thickness of the sound absorbing 
structure. However, when the diameter, the shape, the depth 
or the bulk density of each of the through holes or the 
non-through holes is changed, the sound absorbing 
characteristic can be changed. When the thickness of the foam 
15 member must be changed according to the position for use, for 
example, the inside portion of the engine cover or the inside 
portion of the bonnet, there arises a problem in the sound 
absorbing effect is undesirably changed according to the 
position. According to the present invention, the diameter, 
20 the shape, the depth or the position (the bulk density) of each 
of the through holes or the non-through holes is changed to 
correspond to the change in the thickness. Thus, the sound 
absorption coefficient at a required frequency can be raised 
regardless of the position. As a result, a constant sound 
25 absorbing effect can be maintained. 

Examples of the present invention will now be described. 
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Note that the present invention is not limited to the following 
examples . 

In the following examples, the through holes were 
formed by punching a foam member by using a punch having a 
5 predetermined diameter. The total area of opening of the 
through holes or the non- through holes was lower than 70 % except 
for Comparative Example 7 . 
(Example 1) 

A foam member made of EPDM and having a thickness of 
10 20 mm, a bulk density of 100 kg/m 3 , a coefficient of water 
absorption of 0 . 071 g/cm 3 and 25%-compressive hardness of 0 . 040 
N/cm 2 was provided with through holes each having a diameter 
of 7 mm at intersections of a lattice, the pitch of which was 
2 0 mm. Thus, a sound absorbing structure was manufactured. 

15 (Example 2) 

A foam member made of EPDM and having a thickness of 
20 mm, a bulk density of 100 kg/m 3 , a coefficient of water 
absorption of 0 . 071 g/cm 3 and 25%-compressive hardness of 0 . 040 
N/cm 2 was provided with through holes each having a diameter 
20 of 10 mm at intersections of a lattice, the pitch of which was 
20 mm. Thus, a sound absorbing structure was manufactured. 
(Example 3) 

A foam member made of EPDM and having a thickness of 
20 mm, a bulk density of 100 kg/m 3 , a coefficient of water 
25 absorption of 0.071 g/cm 3 and 25%-compressive hardness of 0.040 
N/cm 2 was provided with through holes each having a diameter 
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of 7 mm at intersections of a lattice, the pitch of which was 
3 0 mm. Thus, a sound absorbing structure was manufactured. 
(Example 4) 

A foam member made of NBR and having a thickness of 20 
5 mm, a bulk density of 120 kg/m 3 , a coefficient of water 
absorption of 0 . 058 g/cm 3 and 25%-compressive hardness of 0 . 070 
N/cm 2 was provided with through holes each having a diameter 
of 7 mm at intersections of a lattice, the pitch of which was 
2 0 mm. Thus, a sound absorbing structure was manufactured. 

10 (Example 5) 

A foam member made of EPDM and having a thickness of 
10 mm, a bulk density of 100 kg/m 3 , a coefficient of water 
absorption of 0.071 g/cm 3 and 25%-compressive hardness of 0.040 
N/cm 2 was provided with through holes each having a diameter 

15 of 7 mm at intersections of a lattice, the pitch of which was 
2 0 mm. Thus, a sound absorbing structure was manufactured. 
(Example 6) 

A foam member made of EPDM and having a thickness of 
20 mm, a bulk density of 100 kg/m 3 , a coefficient of water 
20 absorption of 0 . 071 g/cm 3 and 25%-compressive hardness of 0 . 040 
N/cm 2 was provided with through holes each having a diameter 
of 7 mm at intersections of a lattice, the pitch of which was 
20 mm. The foam member having film structure on both of the 
right and reverse sides thereof. Thus, a sound absorbing 
25 structure was manufactured. 
(Example 7) 
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A foam member made of EPDM and having a thickness of 
20 mm, a bulk density of 100 kg/m 3 , a coefficient of water 
absorption of 0. 071 g/cm 3 and 25%-compressive hardness of 0 . 040 
N/cm 2 was provided with through holes having diameters of 7 mm 
and 10 mm, respectively. As shown in Fig. 2, the through holes 
were formed at intersections of a lattice, the pitch of which 
was 2 0 mm, such that the diameters of adjacent through holes 
in rows and columns of the intersections of the lattice were 
different from each other. Moreover, the diameters of the 
through holes on the diagonal of the cells of the lattice were 
the same. Thus, a sound absorbing structure was manufactured. 
(Example 8) 

A foam member made of EPDM and having a thickness of 
20 mm, a bulk density of 100 kg/m 3 , a coefficient of water 
absorption of 0 . 071 g/cm 3 and 25%-compressive hardness of 0 . 040 
N/cm 2 was provided with through holes. As shown in Fig. 3, the 
through holes each having a diameter of 7 mm were formed at 
intersections of a lattice such that the intervals of the 
lattice were alternately different from each other so that a 
= 20 mm and b = 30 mm. Thus, a sound absorbing structure was 
manufactured. 
(Example 9) 

A foam member made of EPDM and having a thickness of 
10 mm, a bulk density of 100 kg/m 3 , a coefficient of water 
absorption of 0.071 g/cm 3 and 25%-compressive hardness of 0.040 
N/cm 2 and the foam member provided with through holes each having 



a diameter of 7 mm and formed at intersections of a lattice, 
the pitch of which was 20 mm were stacked and bonded to each 
other. Thus, a sound absorbing structure having non-through 
holes each having a depth of 10 mm was manufactured. 
(Comparative Example 1) 

A foam member made of EPDM and having a thickness of 
20 mm, a bulk density of 100 kg/m 3 , a coefficient of water 
absorption of 0.071 g/cm 3 and 25%-compressive hardness of 0.040 
N/cm 2 was not provided with both of through holes and non- through 
holes. Thus, a sound absorbing structure was manufactured. 
(Comparative Example 2) 

A foam member made of EPDM and having a thickness of 
20 mm, a bulk density of 100 kg/m 3 , a coefficient of water 
absorption of 0 . 106 g/cm 3 and 25%-compressive hardness of 0 . 470 
N/cm 2 was not provided with both of through holes and non- through 
holes. Thus, a sound absorbing structure was manufactured. 
(Comparative Example 3) 

A foam member made of EPDM and having a thickness of 
20 mm, a bulk density of 460 kg/m 3 , a coefficient of water 
absorption of 0 . 0028 g/cm 3 and 25%-compressive hardness of 1 . 05 
N/cm 2 was not provided with both of through holes and non- through 
holes. Thus, a sound absorbing structure was manufactured. 
(Comparative Example 4) 

A foam member made of soft ure thane and having a 
thickness of 20 mm, a bulk density of 25 kg/m 3 , a coefficient 
of water absorption of 0.7 6 g/cm 3 and 25%-compressive hardness 



of 0.065 N/cm 2 was not provided with both of through holes and 
non-through holes. Thus, a sound absorbing structure was 
manufactured . 
(Comparative Example 5) 

5 A foam member made of EPDM and having a thickness of 

20 mm, a bulk density of 460 kg/m 3 , a coefficient of water 
absorption of 0 .0028 g/cm 3 and 25%-compressive hardness of 1.05 
N/cm 2 was provided with through holes each having a thickness 
of 7 mm at intersections of a lattice, the pitch of was 20 mm. 

10 Thus, a sound absorbing structure was manufactured. 
(Comparative Example 6) 

A foam member made of soft ur ethane and having a 
thickness of 20 mm, a bulk density of 25 kg/m 3 , a coefficient 
of water absorption of 0.76 g/cm 3 and 25%-compressive hardness 

15 of 0.065 N/cm 2 was provided with through holes each having a 
thickness of 7 mm at intersections of a lattice, the pitch of 
was .20 mm. Thus, a sound absorbing structure was manufactured. 
(Comparative Example 7) 

A foam member made of EPDM and having a thickness of 

20 20 mm, a bulk density of 100 kg/m 3 , a coefficient of water 
absorption of 0 . 071 g/cm 3 and 25%-compressive hardness of 0 . 040 
N/cm 2 was provided with through holes having diameters of 15 
mm and 7 mm, respectively. As shown in Fig. 2, the through holes 
were formed at intersections of a lattice, the pitch of which 

25 was 20 mm, such that the diameters of adjacent through holes 
in rows and columns of the intersections of the lattice were 
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different from each other. Moreover, the diameters of the 
through holes on the diagonal of the cells of the lattice were 
the same* Thus, a sound absorbing structure was manufactured. 
The total area of opening of the through holes of this sound 
5 absorbing structure was 73 %. 

The normal incidence sound absorption coefficient of 
each of the foregoing sound absorbing structures was measured 
at each of predetermined frequencies. The measurement was 
performed by a method conforming to JIS A1405 under a 
10 close-contact with the rigid wall. Results of the measurement 
was shown in Tables 1 and 2. 
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Table 2 
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As can be understood from Tables 1 and 2, the absorbing 
structure according to the present invention has an excellent 
sound absorbing characteristic. When the diameter or the 
arrangement of the through holes or the non-through holes is 
5 changed in the same foam member, different sound absorbing 
characteristics can be realized. Therefore, control of the 
sound absorbing characteristic can easily be performed. 

Foam members having different thicknesses usually have 
different sound absorbing characteristics. According to the 
10 present invention, however, appropriate through holes or 
non-through holes adaptable to the thickness are provided so 
that the sound absorbing characteristics of the sound absorbing 
structures having different thicknesses are allowed to close 
to each other. As a result, noise in a specific frequency range 
15 can be eliminated regardless of the position. 

As described above, according to the present invention, 
a sound absorbing structure having a satisfactory sound 
absorbing effect over a wide frequency range and, capable of 
improving the sound absorbing characteristic in a required 
20 frequency range to meet a requirement or the like and suitable 
for an engine cover of an automobile or the like can be provided. 

Now, a second embodiment of the present invention will 
be described in detail. 

As discussed above, in general, the foam structure of 
25 a foam member includes only one of open-cells, mixture of the 
open-cells and closed-cells, and closed-cells. 
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The foam member constituted by only the open-cells has 
a low normal incidence sound absorption coefficient in the low 
frequency region. Therefore, the thickness of the material 
must be enlarged. When foam members each having the open-cell 
5 structure are stacked, the sound absorbing effect cannot be 
improved. 

On the other hand, the foam member comprising only 
closed-cells has only a low normal incidence sound absorption 
coefficient in the overall frequency range. When the foam 

10 members each having the closed-cell structure are stacked, the 
sound absorbing effect cannot be improved. 

On the other hand, the sound absorbing structure 
according to the present invention comprises two or more stacked 
layers of foam members each having a mixed-cell structure of 

15 open-cells and closed-cells. Thus, the foregoing sound 
absorbing structure has a satisfactory sound absorbing effect 
over a wide frequency range. 

As well as the first embodiment, it is preferable for 
the second embodiment of the present invention that the main 

20 component of the foam member having the foam structure formed 
by mixing the open-cells and the closed-cells is rubber or 
elastomer. With these materials, soft foams can be formed so 
that a sound absorbing mechanism using vibrations of membranes 
of cells appears. Therefore, a sound absorbing structure 

25 having a satisfactory sound absorbing characteristic can be 
obtained. The rubber or the elastomer is exemplified by any 
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one of a variety of rubber, such as natural rubber, CR 
(chloroprene rubber), SBR (styrene butadiene rubber), NBR 
(nitrile butadiene rubber) , EPDM (ternary polymer of ethylene, 
propylene and diene) rubber, silicon rubber, fluorine rubber 

5 and acrylic rubber, and any one of various elastomers, such as 
a thermoplastic elastomer and soft urethane. Even though, the 
material is not limited to the foregoing materials, a foam 
member mainly composed of EPDM rubber is a satisfactory material 
for an engine cover for an automobile since it has the 

10 satisfactory balance among the heat resistance, ozone 
resistance and the cost. 

Also a sheet constituted by foams made of EPDM or NBR 
and marketed as a waterproof sealer for a construction material 
or low electricity may be employed. 

15 The foam member according to the present invention has 

the mixed-cell structure obtained by mixing open-cells and 
closed-cells. Therefore, when the ratio of the open-cells is 
increased, the problem of the foam member including only 
open-cells arises. When the ratio of the closed-cells is 

20 increased, the problem of the foam member including only 
closed-cells arises . 

In general, the foam member having the open-cell 
structure has a high coefficient of water absorption, and the 
foam member having the closed-cell structure has a low 

25 coefficient of water absorption. The foam member having the 
mixed-cell structure of the open-cells and the closed-cells has 
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an intermediate coefficient of water absorption. Therefore, 
when the coefficient of water absorption is specified, the ratio 
of open-cells and closed-cells can be determined. The 
coefficient of water absorption is measured by method B of JIS 
5 K6767. It is preferable that the coefficient of water 
absorption of the foam member according to the present invention 
is not lower than 0.01 g/cm 3 nor higher than 0.2 g/cm 3 , more 
preferably not lower than 0 . 02 g/cm nor more higher 0 . 15 g/cm , 
and most preferably not lower than 0.04 g/cm 3 nor higher than 

10 0.1 g/cm 3 . 

Since a foam member having a low bulk density has a low 
normal incidence sound absorption coefficient, the thickness 
of the material must be enlarged. When foam members each having 
a low bulk density are stacked, the sound absorbing cannot 

15 substantially be improved. A foam member having a high bulk 
density has only a low normal incidence sound absorption 
coefficient in the overall frequency range. When foam members 
each having a high bulk density are stacked, the sound absorbing 
effect cannot substantially be improved. Therefore, it is 

20 preferable that the foam member according to the present 
invention has a bulk density satisfying a specific range. 

It is preferable that the bulk density of the foam member 
according to the present invention is not lower than 20 kg/m 
nor higher than 400 kg/m 3 , more preferably not lower than 30 

25 kg/m 3 nor higher than 300 kg/m 3 , and most preferably not lower 
than 50 kg/m 3 nor higher than 200 kg/m 3 . 



- 35 - 



In general, a sound absorbing mechanism is imparted to 
the foam member of a soft type owing to vibrations of the cell 
films. Therefore, a structure having a satisfactory sound 
absorbing characteristic can be obtained. On the other hand, 
a hard foam member cannot realize the sound absorbing mechanism 
owing to vibrations of the cell films. Therefore, only a low 
normal incidence sound absorption coefficient is exhibited in 
the overall frequency range. When the hard foam members are 
stacked, the sound absorbing effect cannot be improved. 

Therefore, it is preferable that the foam member 
according to the present invention has compressive hardness 
satisfying a specific range. Specifically, it is preferable 
that the compressive hardness is 0.5 N/cm or lower at 25%- 
compressive hardness, preferably 0.3 N/cm 2 or lower, and most 
preferably 0.1 N/cm 2 or lower. A foam member having the cell 
structure having the 25%-compressive hardness satisfying the 
foregoing range and formed by mixing the open-cells and the 
closed-cells is able to greatly improve the sound absorbing 
characteristic when the foregoing foam members are stacked 
without adhesion. Note that the 25%-compressive hardness is 
measured by a method conforming to JIS K67 67. 

The sound absorbing structure according to the present 
invention is formed by stacking two or more layers of the foam 
members . 

The foam members may be stacked in a non-secured state 
along at least one interface, that is, the foam members are 



freely moved along the interface. As an alternative to this, 
stacking may be performed in a state in which the foam members 
are partially secured to each other. 

When stacking is performed in the non-secured state, 
the state of stacking must be maintained by wrapping the overall 
body with a mesh or the like . When partial securing is performed, 
the securing method is not limited. For example, bonding may 
be performed by using a double-coated adhesive tape or an 
adhesive agent. As an alternative to this, the foam members 
may be sewed on each other or joined by using pins. The 
foregoing methods may be combined with one another. 

When the foam members are partially secured to each 
other, a satisfactory sound absorbing characteristic cannot be 
realized if the ratio of the sum of the secured areas 
(hereinafter called a "total secured area") with respect to the 
overall area of the interface is too high. In the present 
invention, it is preferable that the ratio of the total secured 
area has a value which satisfies a specific range. It is 
preferable that the ratio is 50 % or lower, more preferably 30 % 
or lower and most preferably 10 % or lower. A sound absorbing 
structure having the structure that the ratio of the total 
secured area satisfies the above-mentioned range is able to 
greatly improve the sound absorbing characteristic. When the 
overall interface of the foam members are secured, the sound 
absorbing characteristic undesirably deteriorates as compared 
with a non-stacked structure. 



The reason why the sound absorbing characteristic can 
be improved when the foam member are stacked as employed in the 
present invention has not been found* An estimation can be made 
that incident acoustic waves vibrate the foam members along the 
5 interface of the foam members so that the acoustic waves are 
attenuated. When the foam members are secured to each other 
along the overall surface, the foregoing effect cannot be 
obtained. Thus, the sound absorbing effect cannot be obtained. 

The number of the foam members, which must be stacked, 
10 is not limited. For example, three or four layers may be stacked. 
If the overall thickness is the same, the sound absorption 
coefficient in the high frequency range can be increased as the 
number of the foam member which must be stacked is increased. 
As the number of the foam members is reduced, the sound 
15 absorption coefficient in the low frequency range can be 
improved. 

As described above, according to the present invention, 
the number of the foam members, which must be stacked, is 
arbitrarily changed to raise the sound absorption coefficient 

20 at a required frequency. 

In the present invention, the type of the foam members 
may vary among the layers. For example, foam members having 
different densities may be stacked or foam members made of 
different types of elastomer or rubber may be stacked (for 

25 example, EPDM and NBR) . A variety of the other states of 
stacking may be employed. 
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To apply the sound absorbing structure formed as 
described above to an engine cover for an automobile, the sound 
absorbing structure is secured to the cover body by fixing using 
pins, covering with a net or sewing. A plurality of the 
5 foregoing means may simultaneously be employed. 

Examples of the second embodiment of the present 
invention will now be described. Note that the present 
invention is not limited to the following examples. 
(Example 10) 

10 Two foam members each of which was made of EPDM and which 

had a thickness of 15 mm, a bulk density of 100 kg/m 3 , a 
coefficient of water absorption of 0.071 g/cm and 25%- 
compressive hardness of 0.04 0 N/cm 2 were stacked such that the 
foam members were not bonded to each other. Thus, a sound 

15 absorbing structure was manufactured. 
(Example 11 ) 

Three foam members each of which was made of EPDM and 
which had a thickness of 10 mm, a bulk density of 100 kg/m , 
a coefficient of water absorption of 0.071 g/cm and 25%- 
20 compressive hardness of 0.040 N/cm 2 were stacked such that the 
foam members were not bonded to each other. Thus, a sound 
absorbing structure was manufactured. 
(Example 12) 

Four foam members each of which was made of EPDM and 
25 which had a thickness of 7.5 mm, a bulk density of 100 kg/m 3 , 
a coefficient of water absorption of 0.071 g/cm and 25%- 



- 39 - 



compressive hardness of 0.040 N/cm 2 were stacked such that the 
foam members were not bonded to each other. Thus, a sound 
absorbing structure was manufactured. 
(Example 13) 

5 A first foam member made of EPDM and having a thickness 

of 10 mm, a bulk density of 100 kg/m 3 , a coefficient of water 
absorption of 0 . 071 g/cm 3 and 25%-compressive hardness of 0.040 
N/cm 2 and a second foam member made of EPDM and having a thickness 
of 20 mm, a bulk density of 100 kg/m 3 , a coefficient of water 
10 absorption of 0 . 071 g/cm 3 and 25 %-compressive hardness of 0.040 
N/cm 2 were stacked such that the foam members were not bonded 
to each other. Thus, a sound absorbing structure was 
manufactured . 

Note that the normal incidence sound absorption 
15 coefficient was measured by disposing the sound absorbing 
structure in such a manner that the second foam member faces 
the. rigid wall. 
(Example 14) 

Two foam members each of which was made of NBR and which 
20 had a thickness of 15 mm, a bulk density of 120 kg/m , a 
coefficient of water absorption of 0.058 g/cm and 25%- 
compressive hardness of 0.070 N/cm 2 were stacked such that the 
foam members were not bonded to each other. Thus, a sound 
absorbing structure was manufactured. 
25 (Example 15) 

A first foam member made of EPDM and having a thickness 
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of 10 rum, a bulk density of 100 kg/m 3 , a coefficient of water 
absorption of 0.071 g/cm 3 and 25%-compressive hardness of 0.040 
N/cm 2 and a second foam member made of NBR and having a thickness 
of 15 mm, a bulk density of 120 kg/m 3 , a coefficient of water 
5 absorption of 0 . 058 g/cm 3 and 25%-compressive hardness of 0 . 070 
N/cm 2 were stacked such that the foam members were not bonded 
to each other. Thus, a sound absorbing structure was 
manufactured. 

Note that the normal incidence sound absorption 
10 coefficient was measured by disposing the sound absorbing 
structure in such a manner that the foam member made of NBR faces 
the rigid wall. 
(Example 16) 

Two foam members were prepared each of which was made 
15 of EPDM and which had a thickness of 15 mm, a bulk density of 
100 kg/m 3 , a coefficient of water absorption of 0.071 g/cm and 
25% r compressive hardness of 0.040 N/cm 2 . Only the central 
portions of the surfaces of the foam members were bonded. Thus, 
a sound absorbing structure was manufactured. 
20 Note that circular portions were bonded such that the 

area of the bonded portion was 10 % of the overall area of the 
interface . 
(Example 17 ) 

Two foam members were prepared each of which was made 
25 of EPD and which had a thickness of 15 mm, a bulk density of 
100 kg/m 3 , a coefficient of water absorption of 0.071 g/cm and 
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25%-compressive hardness of 0.040 N/cm . Only the central 
portions of the surfaces of the foam members were secured with 
a pin. Thus, a sound absorbing structure was manufactured. 
(Comparative Example 8) 
5 Two foam members were prepared each of which was made 

of EPDM and which had a thickness of 15 mm, a bulk density of 
100 kg/m 3 , a coefficient of water absorption of 0.071 g/cm 3 and 
25%-compressive hardness of 0 . 040 N/cm 2 . The overall interface 
was bonded with a double-coated adhesive tape. Thus, a sound 

10 absorbing structure was manufactured. 
(Comparative Example 9) 

One foam member made of EPDM and having a thickness of 
30 mm, a bulk density of 100 kg/m 3 , a coefficient of water 
absorption of 0 . 071 g/cm 3 and 25%-compressive hardness of 0 . 040 

15 N/cm 2 was used to manufacture a sound absorbing structure. 
(Comparative Example 10) 

Two foam members each of which was made of EPDM and which 
had a thickness of 15 mm, a bulk density of 460 kg/m , a 
coefficient of water absorption of 0.0028 g/cm 3 and 25%- 

20 compressive hardness of 1.05 N/cm were stacked such that the 
foam members were not bonded to each other. Thus, a sound 
absorbing structure was manufactured. 
(Comparative Example 11) 

Two foam members each of which was made of soft urethane 

25 and which had a thickness of 15 mm, a bulk density of 25 kg/m 3 , 
a coefficient of water absorption of 0.7 6 g/cm and 25%- 
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compressive hardness of 0.065 N/cm 2 were stacked such that the 
foam members were not bonded to each other. Thus, a sound 
absorbing structure was manufactured. 
(Comparative Example 12) 
5 One foam member made of soft urethane and having a 

thickness of 30 mm, a bulk density of 25 kg/m 3 , a coefficient 
of water absorption of 0.7 6 g/cm 3 and 25%-compressive hardness 
of 0.065 N/cm 2 was used to manufacture a sound absorbing 
structure . 

10 The normal incidence sound absorption coefficient of 

each of the sound absorbing structure was measured at 
predetermined frequencies. The measurement was performed by 
a method conforming to JIS A1405 under a close-contact with the 
rigid wall. Results of the measurement was shown in Tables 3 

15 and 4. 
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Table 3 



Frequency 
(Hz) 


Example 
10 


Example 
11 


Example 
12 


Example 
13 


Example 
14 


Example 
15 


Example 
16 


Example 
17 


250 


0.35 


0.35 


0.34 


0.35 


0.29 


0.31 


0.34 


0.34 


315 


0.45 


0.44 


0.43 


0.44 


0.30 


0.35 


0.44 


0 . 44 


400 


0.69 


0.65 


0.61 


0.65 


0.58 


0.63 


0.69 


0 . 68 


500 


0.83 


0.72 


0.61 


0.76 


0.75 


0.77 


0.82 


0.82 


600 


0.95 


0.86 


0.77 


0.90 


0.81 


0.87 


0.94 


0.93 


800 


0.90 


0.99 


0.98 


0.93 


0.86 


0.87 


0.89 


0 .89 


1000 


0.68 


0.93 


0.99 


0.80 


0.84 


0.78 


0.68 


0.67 


1250 


0.70 


0.76 


0.82 


0.71 


0.70 


0.72 


0.70 


0.70 


1600 


0.64 


0.75 


0.80 


0.68 


0 . 57 


0.58 


0 . 64 


U . dj 


2000 


0.68 


0.69 


0.70 


0.67 


0.58 


0.63 


0.67 


0.67 


2500 


0.67 


0.71 


0.75 


0.68 


0.58 


0.62 


0.66 


0.65 


3150 


0.69 


0.74 


0.79 


0.70 


0.59 


0.64 


0.68 


0.68 


4000 


0.61 


0.69 


0.71 


0.64 


0.58 


0.59 


0.60 


0.60 


5000 


0.66 


0.65 


0.64 


0.64 


0.62 


0.62 


0.65 


0.64 
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Table 4 



Frequency 
(Hz) 


Comparative 
Example 8 


Comparative 
Example 9 


Comparative 
Example 10 


Comparative 
Example 11 


C omp a r a t x ve 

ill X oJUp J_ t± _L jL 


250 


0 .22 


0 .22 


0 . 10 




0.09 


315 


0.32 


0 .31 


0 . 08 


U . 1 1 


n in 

U . IU 


400 


0.38 


0.39 


0 . 09 


0 . 12 


U . X J 


500 


0.42 


0.59 


0 . 14 


n, i/i 
0.14 


n 1 i 
U . IJ 


600 


0.50 


0 . 65 


0 . 15 


A 1 Q 

0 . lo 


U .lb 


800 


0.62 


0 . 64 


0 . 15 


0 . 25 


U .Zj 


1000 


0.62 


0 .43 


0 . 14 


0.40 


n /in 


1250 


0.38 


0 .43 


0 . 14 


0.55 


U.bb 


1600 


n o *7 
U . Z / 


U , JJ 


0.14 


0 . 67 


0 . 67 


2000 


0.30 


0.36 


0.14 


0.78 


0.80 


2500 


0.31 


0.39 


0.15 


0.89 


0.88 


3150 


0.32 


0.40 


0.16 


0.94 


0.94 


■ 4000 


0.27 


0.36 


0.19 


0.98 


0.97 


5000 


0.30 


0.38 


0.18 


0.97 


0.97 
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As can be understood from the results shown in Table 
3, the sound absorbing structure according to the present 
invention has an excellent sound absorbing characteristic in 
a wide frequency range. Therefore, a sound absorbing structure 
5 suitable for an engine cover for an automobile or the like can 
be provided* 

On the other hand, the sound absorbing structure 
according to Comparative Example 8 had the structure that the 
two foam members having a mixed-cell structure consisting of 
10 open-cells and closed-cells were stacked such that the overall 
interface was bonded. Therefore, an unsatisfactory sound 
absorbing characteristic was realized. 

The sound absorbing structure according to Comparative 
Example 9 is structured by one layer of the foam member having 
15 the mixed-cell structure of the open-cells and the closed-cells . 
Therefore, an unsatisfactory sound absorbing characteristic 
was . realized. 

The sound absorbing structure according to Comparative 
Example 10 was structured by stacking the two foam members each 

20 having an closed-cell structure, the 25%-compressive hardness 
and the bulk density larger than those satisfying the scope of 
the present invention such that the two foam member were not 
bonded to each other. Only an unsatisfactory sound absorbing 
characteristic was realized. 

25 The sound absorbing structure according to Comparative 

Example 11 was structured by stacking the two foam members 
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having the open-cell structure such that the foam members were 
not bonded to each other. The sound absorbing structure 
according to Comparative Example 12 was constituted by only one 
foam member having the open-cell structure. The sound 
absorbing structure according to Comparative Example 11 and 
that according to Comparative Example 12 exhibited similar 
sound absorbing characteristics. Moreover, unsatisfactory 
sound absorbing characteristic was realized in the midrange and 
bass range. Thus, a fact was confirmed that the sound absorbing 
characteristic was not improved if the foam members each having 
only the open-cell structure were stacked. 

As described above, according to the present invention, 
the sound absorbing structure can be provided which has a 
satisfactory sound absorbing characteristic in a wide frequency 
range, which is capable of improving the sound absorbing 
characteristic in a required frequency range to meet a purpose 
or the like and which is suitable for an engine cover for an 
automobile or the like. 

Now, a third embodiment of the present invention will 
be described in detail. 

As discussed above, in general, the cell structure of 
a foam member is classified into open-cells, mixture of the 
open-cells and closed-cells, and only closed-cells. 

The foam member constituted by only the open-cells has 
a low normal incidence sound absorption coefficient in the low 
frequency region. Therefore, the thickness of the material 



must be increased. If diameter-varied holes are formed in the 
foam member constituted by only the open-cells, the sound 
absorbing effect cannot be improved. According to the 
circumstances, the effect sometimes deteriorates. On the 
other hand, when the foam member comprising the closed-cell 
structure is subjected to the foregoing process, the sound 
absorbing effect can be improved. The obtained structure, 
however, suffers from a low peak value of the sound absorption 
coefficient. In addition, the width of the peak frequency is 
narrow to overcome the foregoing problem. 

The sound absorbing structure according to the present 
invention comprises a foam member having a foam structure formed 
by mixing open-cells and closed-cells with one another, wherein 
the area of opening of each the diameter-varied hole formed in 
the surface opposite to a sound source is largest and the area 
of opening of each diameter-varied hole is reduced in a 
direction of the thickness of the foam member, as described 
below. 

When the foregoing holes are formed, a satisfactory 
sound absorbing effect can be obtained over a wide frequency 
range . 

As well as the first and second embodiments, it is 
preferable for the third embodiment that the main component of 
the foam member is rubber or elastomer. With these materials, 
soft foams can be formed so that a sound absorbing mechanism 
using vibrations of membranes of cells appears. Therefore, a 



sound absorbing structure having a satisfactory sound absorbing 
characteristic can be obtained. The rubber or the elastomer 
is exemplified by any one of a variety of rubber, such as natural 
rubber, CR (chloroprene rubber), SBR { styrene butadiene rubber), 
5 NBR (nitrile butadiene rubber) , EPDM (ternary polymer of 
ethylene, propylene and diene) rubber, silicon rubber , fluorine 
rubber and acrylic rubber, and any one of various elastomers, 
such as a thermoplastic elastomer and soft urethane. Even 
though, the material is not limited to the foregoing materials, 

10 a foam member mainly composed of EPDM rubber is a satisfactory 
material for an engine cover for an automobile since it has the 
satisfactory balance among the heat resistance, ozone 
resistance and the cost. 

Also a sheet constituted by foam members made of EPDM 

15 or NBR and marketed as a waterproof sealer for a construction 
material or low electricity may be employed. 

The foam member according to the present invention has 
the mixed-cell structure obtained by mixing open-cells and 
closed-cells. Therefore, when the ratio of the open-cells is 

20 increased, the problem of the foam member including only 
open-cells arises. When the ratio of the closed-cells is 
increased, the problem of the foam member including only 
closed-cells arises . 

In general, the foam member having the open-cell 

25 structure has a high coefficient of water absorption, and the 
foam member having the closed-cell structure has a low 
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coefficient of water absorption. The foam member having the 
mixed-cell structure of the open-cells and the closed-cells has 
an intermediate coefficient of water absorption. Therefore, 
when the coefficient of water absorption is specified, the ratio 
5 of open-cells and closed-cell can be determined. The 
coefficient of water absorption is measured by method B of JIS 
K6767. It is preferable that the coefficient of water 
absorption of the foam member according to the present invention 

3 3 

is not lower than 0.01 g/cm nor higher than 0.2 g/cm , more 

3 3 

10 preferably not lower than 0 . 02 g/cm nor more higher 0.15 g/cm , 
and most preferably not lower than 0.04 g/cm 3 nor higher than 
0.1 g/cm 3 . When the diameter-varied holes are formed, a foam 
member having the mixed-cell structure of the open-cells and 
the closed-cells shows remarkable improvement in sound 

15 absorbing characteristic. 

Since a foam member having a low bulk density has a low 
normal incidence sound absorption coefficient, the thickness 
of the material must be increased. If diameter-varied holes 
are formed in only the foam member having the low bulk density, 

20 the sound absorbing effect cannot substantially be improved. 

The foam member having the high bulk density exhibits a low 
normal incidence sound absorption coefficient in the overall 
frequency range. If the diameter-varied holes are formed in 
only the foam member having a high bulk density, the sound 

25 absorbing effect cannot substantially be improved. 

Therefore, the foam member according to the present 
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invention has a bulk density satisfying a specific range. It 
is preferable that the bulk density of the foam member according 
to the present invention is not lower than 20 kg/m nor higher 
than 400 kg/m , more preferably not lower than 30 kg/m nor 
5 higher than 300 kg/m 3 , and most preferably not lower than 50 
kg/m 3 nor higher than 200 kg/m 3 . 

In general, a sound absorbing mechanism is imparted to 
the foam member of a soft type owing to vibrations of the cell 
films. Therefore, a structure having a satisfactory sound 

10 absorbing characteristic can be obtained. On the other hand, 
a hard foam member cannot realize the sound absorbing mechanism 
owing to vibrations of the cell films. Therefore, only a low 
normal incidence sound absorption coefficient is exhibited in 
the overall frequency range. If the diameter- varied holes are 

15 formed in the hard foam member, a satisfactory sound absorbing 
effect cannot be obtained. 

Therefore, it is preferable that the foam member 
according to the present invention has compressive hardness 
satisfying a specific range. Specifically, it is preferable 

20 that the compressive hardness is 0.5 N/cm or lower at 25%- 
compressive hardness, preferably 0.3 N/cm or lower, and most 
preferably 0.1 N/cm 2 or lower. A foam member having the cell 
structure having the 25%-compressive hardness satisfying the 
foregoing range and formed by mixing the open-cells and the 

25 closed-cells is able to greatly improve the sound absorbing 
characteristic when the diameter-varied holes are formed. 
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Note that the 25%-compressive hardness is measured by a method 
conforming to JIS K67 67. 

The sound absorbing structure according to the present 
invention has a structure that a plurality of diameter-varied 
5 holes are formed in the foregoing foam member. Moreover, each 
of the diameter-varied hole has a larger area of opening formed 
in the surface adjacent to the sound source* 

The structure of the diameter-varied hole is 
exemplified by a multiple-hole structure having the area of 

10 opening which is reduced in a stepped manner from either surface 
(the surface opposite to a sound source which is hereinafter 
called a "sound-source surface") toward another surface or a 
hole (hereinafter called a "tapered hole") having a structure 
that the area of opening is gradually reduced from the sound 

15 source surface toward another surface. The present invention 
is not limited to the foregoing structure. Each diameter- 
varied hole may have a through-hole structure which penetrates 
the foam member or a non-through structure opened in only the 
sound source surface. 

20 When the diameter-varied hole is formed into a tapered 

shape, for example, a conical drill may be employed to form a 
conical recess in the foam member. 

When the multiple-hole structure is formed, a 
cylindrical drill having a large diameter is used to form a first 

25 recess having a predetermined depth in the direction of the 
thickness of the foam member. Then, a drill having a small 
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diameter is used to form a second recess having a predetermined 
depth in the bottom surface of the first recess, A plurality 
of types of foam members having different areas of opening of 
the through holes may be stacked in such a manner that the through 
5 holes are coaxially positioned in a direction in which the areas 
of opening are gradually reduced. 

When the sum of the areas of opening (hereinafter called 
a "total area of opening") of the diameter-varied holes formed 
in the sound source surface is too small with respect to the 

10 area of the sound source surface, a satisfactory sound absorbing 
characteristic cannot be realized. If the ratio of the total 
area of opening of the diameter-varied holes is too low, the 
sound absorbing characteristic sometimes deteriorates. 

Therefore, it is preferable for the present invention 

15 that the ratio of the total area of opening of the 
diameter-varied holes has a specific value. It is preferable 
that the value is not lower than 1 % nor higher than 70 %, more 
preferably not lower than 3 % nor higher than 50 % and most 
preferably not lower than 5 % nor higher than 40 %. When the 

20 ratio of the total area of opening of the diameter-varied holes 
satisfies the foregoing range, a great effect of improving the 
sound absorbing characteristic of the sound absorbing structure 
can be obtained. 

When a smallest area of opening of the diameter-varied 

25 hole is too large with respect to a largest area of opening, 
the sound absorbing characteristic over the frequency range is 
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unsatisfactory in spite of a satisfactory sound absorbing 
characteristic which is realized in a vicinity of a specific 
frequency. 

Therefore, it is preferable for the present invention 
5 that at least a portion of the diameter-varied holes has a 
specific ratio of the minimum area of opening with respect to 
the largest area of opening. It is preferable that the ratio 
is 90 % or lower, more preferably 70 % or lower, and most 
preferably 50 % or lower. The sound absorbing structure 
10 having the above-mentioned ratio of the areas of opening is able 
to greatly improve the sound absorbing characteristic. 

Preferred embodiments of the sound absorbing structure 
according to the present invention will now be described with 
reference to the drawings. Hereinafter this side of each plan 
15 view is the sound source side. 

For example, as shown in Figs. 4A and 4B, the overall 
surface of the foam member (a) is provided with a first recess 
(b) having a large diameter and a cylindrical shape and formed 
at each of intersection of the lattice which are apart from one 
20 another for the same distance. Moreover, a second recess (c) 
is formed in the central portion of the first recess (b) , the 
second recess (c) having a diameter smaller than that of the 
first recess (b) and formed into a cylindrical shape. Thus, 
a sound absorbing structure having diameter-varied holes each 
25 having a double-structure can be formed. 

For example, as shown in Figs. 5A and 5B, the overall 
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surface of a foam member (a) is provided with a first recess 
(d) having a large diameter and a cylindrical shape and formed 
at each of intersections of the lattice which are apart from 
one another for the same distance. A second recess (e) having 
5 a diameter smaller than that of the first recess (d) and a 
cylindrical shape is formed in the central portion of the bottom 
of the first recess (d) . Moreover, a third recess (f) having 
a diameter smaller than that of the second recess (e) and a 
cylindrical shape is formed in the central portion of the bottom 
10 of the second recess (e) . Thus, a sound absorbing structure 
having diameter-varied holes each having a triple structure can 
be formed. 

For example, as shown in Figs. 6A and 6B, the overall 
surface of a foam member (a) is provided with a first recess 

15 (g) having a large diameter and a cylindrical shape and formed 
at each of intersections of the lattice which are apart from 
one. another for the same distance. A through hole (h) having 
a diameter smaller than that of the first recess (g) and a 
cylindrical shape is formed in the central portion of the bottom 

20 of the first recess (g) . Thus, a sound absorbing structure 
having through diameter-varied holes each having a double 
structure can be formed. 

For example, as shown in Figs. 7A and 7B, the overall 
surface of a foam member (a) is provided with a conical tapered 

25 hole (i) having the area of opening which is gradually reduced 
from the sound source surface and formed at each of 
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intersections of the lattice which are apart from one another 
for the same distance . Thus, a sound absorbing structure having 
the diameter-varied holes can be formed. 

For example, as shown in Figs. 8A and 8B, the overall 
5 surface of a foam member (a) is provided with a tapered hole 
(j) having the diameter which is gradually reduced from the 
sound source surface and having a bottom continued from the 
opening. The tapered hole (j) having a trapezoidal cross 
sectional shape is formed at each of intersections of the 
10 lattice which are apart from one another for the same distance. 
Thus, a sound absorbing structure having diameter-varied holes 
can be formed. 

For example, as shown in Figs. 9A and 9B, the overall 
surface of a foam member (a) is provided with a first recess 
15 (k) having a large diameter and a cylindrical shape and formed 
at each vertex of cells formed in the equilateral triangle 
configuration and positioned apart from one another for the same 
distance. A second recess (1) having a diameter smaller than 
that the first recess (k) and a cylindrical shape is formed in 
20 the central portion of the bottom of the first recess (k) . Thus, 
a sound absorbing structure can be formed which has double- 
structure diameter-varied holes formed at staggered positions . 

For example, as shown in Figs. 10A and 10B, a sheet 
consisting of two foam members (a) having different diameters 
25 of opening is employed. Moreover, the sheet having large holes 
(m) is disposed adjacent to the sound source and the sheet having 
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small holes (n) is disposed opposite to the sound source . 
Moreover, the two sheets are stacked in such a manner that the 
foregoing holes are positioned coaxially. Thus, a sound 
absorbing structure having through diameter-varied holes each 
5 having a double structure can be formed. 

In the present invention, the area of opening of the 
diameter-varied holes formed in the sound source surface and/or 
the area of opening of the diameter-varied holes formed in the 
bottom is enlarged* As an alternative to this, the number of 

10 the diameter-varied holes per unit area of the surface opposite 
to the sound source surface is enlarged. In each of the 
foregoing cases, the sound absorption coefficient in the high 
frequency range can be improved. The area of opening of the 
diameter-varied holes formed in the sound source surface and/ or 

15 the area of opening of the diameter-varied holes formed in the 
bottom is reduced. As an alternative to this, the number of 
the .diameter-varied holes per unit area of the surface opposite 
to the sound source surface is reduced. In each of the foregoing 
cases, the sound absorption coefficient in the low frequency 

20 range can be improved. 

As the difference between the area of opening in the 
surface opposite to the sound source and that in the bottom 
surface is enlarged, the sound absorption coefficient is, in 
particular, raised in a wide frequency range. On the contrary, 

25 as the difference between the area of opening between the upper 
layer portion and the lower layer opposite is reduced, 'only the 
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sound absorption coefficient in the vicinity of a specific 
frequency is, in particular, raised. 

As described above, when the sound absorption 
coefficient in a wide and specific frequency range is raised 
5 or when the sound absorption coefficient in a frequency range 
having a certain width including a required frequency is raised, 
the intervals of diameter-varied holes in the lattice or the 
diameter of each diameter-varied hole including the ratio of 
the diameter-varied holes in the surface opposite to the sound 
10 source and those in the bottom must have an appropriate value. 

The shape of the foregoing diameter-varied hole 
(including the planar shape of the hole) is not limited. The 
hole may be formed into a circle shape, a triangle shape, a 
polygonal shape, an elliptical shape or an amorphous shape in 
15 some cases. Also the depth is not limited. 

The planar configuration of the diameter-varied holes 
may .be- the lattice configuration in the form of a rectangle or 
a random configuration. 

A configuration may be employed in which two or more 
20 types of diameter-varied holes having the different diameters, 
shapes of the opening and depths are mixed. 

Similarly to the sound absorbing material constituted 
by the conventional foam member, the sound absorbing structure 
according to the present invention has a satisfactory sound 
25 absorption coefficient in the low frequency range as the 
thickness is enlarged. A thin sound absorbing structure has 
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an improved sound absorption coefficient in the high frequency- 
range . Thus, the frequency range in which an improved sound 
absorbing effect can be obtained varies according to the 
thickness. When the shape and the arrangement of the 
5 diameter-varied holes is changed, the sound absorbing 
characteristic can arbitrarily be changed. When the thickness 
of the foam member must be changed according to the position 
for use, for example, the inside portion of the engine cover 
or the inside portion of the bonnet, the conventional sound 

10 absorbing structure encounters a problem in that the sound 
absorbing effect varies depending on the position. According 
to the present invention, the shape, diameter or the depth of 
the diameter-varied holes formed in the surface opposite to the 
sound source and/or the bottom or the arrangement (density) of 

15 the diameter- varied holes is changed. Thus, the sound 
absorption coefficient in a required frequency can be raised 
regardless of the position (the thickness) or the sound 
absorption coefficient in a wide frequency range can be raised. 
Thus, a sound absorbing effect meeting a purpose can be 

20 realized. 

Examples of the third embodiment of the present 
invention will now be described in detail. Note that the 
present invention is not limited to the following examples. 

In the examples, a drilling work was performed to form 

25 diameter-varied holes in a foam member or a plurality of foam 
member sheets were punched and stacked to form multiple holes. 
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Thus, sound absorbing structures were manufactured. The total 
area of opening of the diameter-varied holes opposite to the 
sound source surface was 70 % or lower except for Comparative 
Example 19. 
5 (Example 18) 

A sheet constituted by a foam member made of EPDM and 

3 

having a thickness of 10 mm, a bulk density of 100 kg/m , a 
coefficient of water absorption of 0.071 g/cm and 25%- 
compressive hardness of 0.040 N/cm 2 was prepared. The sheet 

10 had through holes each having a diameter of 5 mm and formed at 
intersections of a lattice, the pitch of which was 20 mm. 
Moreover, a sheet having through holes each having a diameter 
of 15 mm and formed at the intersections of a lattice, the pitch 
of which was 20 mm, was prepared. The two sheets were stacked 

15 so that a sound absorbing structure having double holes and a 
total thickness of 20 mm was manufactured. Then, the sheet 
having the through holes each having the diameter of 5 mm was 
disposed opposite to a rigid wall so that the normal incidence 
sound absorption coefficient was measured. 

20 (Example 19) 

A sheet constituted by a foam member made of EPDM and 
having a thickness of 20 mm, a bulk density of 100 kg/m , a 
coefficient of water absorption of 0.071 g/cm 3 and 25%- 
compressive hardness of 0.040 N/cm 2 was prepared. The sheet 

25 had holes each having a diameter of 15 mm and a depth of 10 mm 
formed, by drilling, at intersections of a lattice, the pitch 
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of which was 20 mm. Moreover, through holes each having a 
diameter of 5 mm were formed in the central portions of the holes . 

Thus, a sound absorbing structure having double holes and a 
thickness of 20 mm was manufactured. The surface having the 
5 through holes each having the diameter of 5 mm was disposed 
opposite to a rigid wall so that the normal incidence sound 
absorption coefficient was measured. 
(Example 20) 

A sheet constituted by a foam member made of EPDM and 
10 having a thickness of 10 mm, a bulk density of 100 kg/m , a 
coefficient of water absorption of 0.071 g/cm 3 and 25%- 
compressive hardness of 0.040 N/cm 2 was prepared. The sheet 
had through holes each having a diameter of 5 mm and formed at 
intersections of a lattice, the pitch of which was 20 mm. 
15 Moreover, a sheet having through holes each having a diameter 
of 10 mm and formed at the intersections of a lattice, the pitch 
of which was 20 mm, was prepared. The two sheets were stacked 
so that a sound absorbing structure having double holes and a 
total thickness of 20 mm was manufactured. Then, the sheet 
20 having the through holes each having the diameter of 5 mm was 
disposed opposite to a rigid wall so that the normal incidence 
sound absorption coefficient was measured. 
(Example 21 ) 

A sheet constituted by a foam member made of EPDM and 
25 having a thickness of 10 mm, a bulk density of 100 kg/m , a 

3 

coefficient of water absorption of 0.071 g/cm and 25%- 
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compressive hardness of 0.040 N/cm 2 was prepared. The sheet 
had through holes each having a diameter of 10 mm and formed 
at intersections of a lattice, the pitch of which was 20 mm. 

Moreover, a sheet having through holes each having a diameter 
5 of 15 mm and formed at the intersections of a lattice, the pitch 
of was 20 mm, was prepared. The two sheets were stacked so that 
a sound absorbing structure having double holes and a total 
thickness of 20 mm was manufactured. Then, the sheet having 
the through holes each having the diameter of 10 mm was disposed 
10 opposite to a rigid wall so that the normal incidence sound 
absorption coefficient was measured. 

(Example 22) 

A sheet constituted by a foam member made of EPDM and 
having a thickness of 10 mm, a bulk density of 100 kg/m 3 , a 

15 coefficient of water absorption of 0.071 g/ cm 3 and 25%- 
compressive hardness of 0.040 N/cm 2 was prepared. The sheet 
had. through holes each having a diameter of 5 mm and formed at 
intersections of a lattice, the pitch of which was 15 mm. 
Moreover, a sheet having through holes each having a diameter 

20 of 10 mm and formed at the intersections of a lattice, the pitch 
of which was 15 mm, was prepared. The two sheets were stacked 
so that a sound absorbing structure having double holes and a 
total thickness of 20 mm was manufactured. Then, the sheet 
having the through holes each having the diameter of 5 mm was 

25 disposed opposite to a rigid wall so that the normal incidence 
sound absorption coefficient was measured. 
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(Example 23 ) 

A sheet constituted by a foam member made of NBR and 
having a thickness of 10 mm, a bulk density of 120 kg/m , a 
coefficient of water absorption of 0.058 g/cm 3 and 25 %- 
5 compressive hardness of 0.070 N/cm 2 was prepared. The sheet 
had through holes each having a diameter of 5 mm and formed at 
intersections of a lattice, the pitch of which was 2 0 mm. 
Moreover, a sheet having through holes each having a diameter 
of 15 mm and formed at the intersections of a lattice, the pitch 

10 of which was 20 mm, was prepared. The two sheets were stacked 
so that a sound absorbing structure having double holes and a 
total thickness of 2 0 mm was manufactured. Then, the sheet 
having the through holes each having the diameter of 5 mm was 
disposed opposite to a rigid wall so that the normal incidence 

15 sound absorption coefficient was measured. 
(Example 24) 

A sheet constituted by a foam member made of EPDM and 
having a thickness of 15 mm, a bulk density of 100 kg/m 3 , a 
coefficient of water absorption of 0.071 g/cm 3 and 25%- 

20 compressive hardness of 0.040 N/cm 2 was prepared. The sheet 
had through holes each having a diameter of 5 mm and formed at 
intersections of a lattice, the pitch of which was 20 mm. 
Moreover, a sheet having through holes each having a diameter 
of 15 mm and formed at the intersections of a lattice, the pitch 

25 of which was 20 mm, was prepared. The two sheets were stacked 
so that a sound absorbing structure having double holes and a 
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total thickness of 30 mm was manufactured. Then, the sheet 
having the through holes each having the diameter of 5 mm was 
disposed opposite to a rigid wall so that the normal incidence 
sound absorption coefficient was measured. 
5 (Example 25) 

A sheet constituted by a foam member made of EPDM and 
having a thickness of 10 mm, a bulk density of 100 kg/m , a 
coefficient of water absorption of 0.071 g/ cm and 25%- 
compressive hardness of 0.040 N/cm 2 was prepared. The sheet 

10 had no through hole. Moreover, a sheet having through holes 
each having a diameter of 5 mm and formed at the intersections 
of a lattice, the pitch of which was 20 mm, was prepared. 
Moreover, a sheet having through holes each having a diameter 
of 15 mm and formed at the intersections of a lattice, the pitch 

15 of which was 20 mm, was prepared. Then, the sheet having no 
through hole, the sheet having the through holes each having 
the .diameter of 5 mm and the sheet having the through holes each 
having the diameter of 15 were upwards stacked. Thus, a sound 
absorbing structure having double holes and a total thickness 

20 of 20 mm was manufactured. The sheet having no through hole 
was disposed opposite to a rigid wall so that the normal 
incidence sound absorption coefficient was measured. 
(Example 26) 

A sheet constituted by a foam member made of EPDM and 
25 having a thickness of 10 mm, a bulk density of 100 kg/m 3 , a 
coefficient of water absorption of 0.071 g/cm 3 and 25%- 
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compressive hardness of 0.040 N/cm 2 was prepared. The sheet 
had through holes each having a diameter of 5 mm and formed at 
intersections of a lattice, the pitch of which was 20 mm, was 
prepared. Moreover, a sheet having through holes each having 
5 a diameter of 10 mm and formed at the intersections of a lattice, 
the pitch of which was 20 mm, was prepared. Moreover, a sheet 
having through holes each having a diameter of 15 mm and formed 
at the intersections of a lattice, the pitch of which was 20 
mm, was prepared. Then, the sheet having the through holes each 

10 having the diameter of 5 mm, the sheet having the through holes 
each having the diameter of 10 mm and the sheet having the through 
holes each having the diameter of 15 mm were upwards stacked. 

Thus, a sound absorbing structure having the triple holes and 
having a thickness of 20 mm was manufactured. The sheet having 

15 the through holes each having the diameter of 5 mm was disposed 
opposite to a rigid wall so that the normal incidence sound 
absorption coefficient was measured. 
(Example 27) 

A sheet constituted by a foam member made of EPDM and 
20 having a thickness of 10 mm, a bulk density of 100 kg/m 3 , a 
coefficient of water absorption of 0.071 g/cm 3 and 25%- 
compressive hardness of 0.040 N/cm 2 was prepared. The sheet 
had 10 mm x 10 mm square through holes and formed at intersections 
of a lattice, the pitch of which was 20 mm, was prepared. 
25 Moreover, a sheet having through holes each having a diameter 
of 10 mm and formed at the intersections of a lattice, the pitch 
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of which was 20 mm, was prepared. Moreover, a sheet having 
through holes each having a diameter of 5 mm and formed at the 
intersections of a lattice, the pitch of which was 20 mm, was 
prepared. Then, the sheets were stacked so that a sound 
5 absorbing structure having double holes and a total thickness 
of 2 0 mm was manufactured. The sheet having the through holes 
each having the diameter of 5 mm was disposed opposite to a rigid 
wall so that the normal incidence sound absorption coefficient 
was measured. 

10 (Example 28) 

A sheet constituted by a foam member made of EPDM and 
having a thickness of 20 mm, a bulk density of 100 kg/m 3 , a 
coefficient of water absorption of 0.071 g/cm 3 and 25%- 
compressive hardness of 0.04 0 N/cm 2 was prepared. The sheet 

15 had conical holes each having a diameter of 15 mm and a depth 
of 10 mm formed, by drilling, at the intersections of a lattice, 
the. pitch of which was 20 mm, was prepared. Thus, a sound 
absorbing structure was manufactured. The surface having no 
hole was disposed opposite to a rigid wall so that the normal 

20 incidence sound absorption coefficient was measured. 
(Comparative Example 13) 

A sheet constituted by a foam member made of EPDM and 
having a thickness of 20 mm, a bulk density of 100 kg/m 3 , a 
coefficient of water absorption of 0.071 g/cm and 25%- 

25 compressive hardness of 0.040 N/cm 2 was prepared. The sheet 
had no through hole, non-through holes and double holes. Thus, 
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a sound absorbing structure was manufactured so that the normal 
incidence sound absorption coefficient was measured. 
(Comparative Example 14) 

A sheet constituted by a foam member made of EPDM and 
5 having a thickness of 20 mm, a bulk density of 100 kg/m 3 , a 
coefficient of water absorption of 0.106 g/cm and 25%- 
compressive hardness of 0.470 N/cm was prepared. The sheet 
had no through hole, non-through holes and double holes . Thus, 
a sound absorbing structure was manufactured so that the normal 

10 incidence sound absorption coefficient was measured. 
(Comparative Example 15) 

A sheet constituted by a foam member made of EPDM and 
having a thickness of 20 mm, a bulk density of 460 kg/m 3 , a 
coefficient of water absorption of 0.0028 g/cm 3 and 25%- 

15 compressive hardness of 1.05 N/cm was prepared. The sheet had 
no through hole, non-through holes and double holes. Thus, a 
sound absorbing structure was manufactured so that the normal 
incidence sound absorption coefficient was measured. 
(Comparative Example 16) 

20 A sheet constituted by a foam member made of soft 

urethane and having a thickness of 2 0 mm, a bulk density of 25 
kg/m 3 , a coefficient of water absorption of 0.76 g/cm 3 and 
25%-compressive hardness of 0.065 N/cm 2 was prepared. The 
sheet had no through hole, non- through holes and double holes. 

25 Thus, a sound absorbing structure was manufactured so that the 
normal incidence sound absorption coefficient was measured. 
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(Comparative Example 17) 

A sheet constituted by a foam member made of EPDM and 

3 

having a thickness of 10 mm, a bulk density of 460 kg/m , a 
coefficient of water absorption of 0.0028 g/cm and 25%- 
5 compressive hardness of 1 . 05 N/cm 2 was prepared. The sheet had 
through holes each having a diameter of 5 mm and formed at 
intersections of a lattice, the pitch of which was 20 mm. 
Moreover, a sheet having through holes each having a diameter 
of 15 mm and formed at the intersections of a lattice, the pitch 

10 of which was 2 0 mm, was prepared. The two sheets were stacked 
so that a sound absorbing structure having double holes and a 
total thickness of 20 mm was manufactured. Then, the sheet 
having the through holes each having the diameter of 5 mm was 
disposed opposite to a rigid wall so that the normal incidence 

15 sound absorption coefficient was measured. 
(Comparative Example 18) 

A sheet constituted by a foam member made of soft 
urethane and having a thickness of 10 mm, a bulk density of 25 
kg/m 3 , a coefficient of water absorption of 0.76 g/cm 3 and 

20 25%-compressive hardness of 0.065 N/cm 2 was prepared. The 
sheet had through holes each having a diameter of 5 mm and formed 
at intersections of a lattice, the pitch of which was 20 mm. 
Moreover, a sheet having through holes each having a diameter 
of 15 mm and formed at the intersections of a lattice, the pitch 

25 of which was 20 mm, was prepared. The two sheets were stacked 
so that a sound absorbing structure having double holes and a 
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total thickness of 20 mm was manufactured. Then, the sheet 
having the through holes each having the diameter of 5 mm was 
disposed opposite to a rigid wall so that the normal incidence 
sound absorption coefficient was measured. 
5 (Comparative Example 19) 

A sheet constituted by a foam member made of EPDM and 
having a thickness of 10 mm, a bulk density of 100 kg/m 3 , a 
coefficient of water absorption of 0.071 g/cm and 25 %- 
compressive hardness of 0.040 N/cm 2 was prepared. The sheet 

10 had 17 mm x 17 mm square through holes and formed at intersections 
of a lattice, the pitch of which was 20 mm, was prepared. 
Moreover, a sheet having through holes each having a diameter 
of 5 mm and formed at the intersections of a lattice, the pitch 
of which was 20 mm, was prepared. Moreover, a sheet having 

15 through holes each having a diameter of 5 mm and formed at the 
intersections of a lattice, the pitch of which was 20 mm, was 
prepared. Then, the sheets were stacked so that a sound 
absorbing structure having double holes and a total thickness 
of 2 0 mm was manufactured. The sheet having the through holes 

20 each having the diameter of 5 mm was disposed opposite to a rigid 
wall so that the normal incidence sound absorption coefficient 
was measured. The total area of opening of the double holes 
of the foregoing sound absorbing structure opposite to the sound 
source surface was 72 %. 

25 The normal incidence sound absorption coefficient of 

each of the foregoing sound absorbing structure was measured 
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at each of predetermined frequencies. The measurement was 
performed by a method conforming to JIS A1405 under a 
close-contact with the rigid wall. Results of the measurement 
was shown in Figs. 11 to 19. 
5 As a result of the examples, it is evident that the 

structure according to the present invention has an excellent 
sound absorbing characteristic. When the arrangement (the 
density) of the double holes is appropriately changed, the sound 
absorption coefficient at a required frequency can be raised 

10 regardless of the position (the thickness) . As an alternative 
to this, the sound absorption coefficient in a wide specific 
frequency range can be raised. Thus, a sound absorbing effect 
meeting a purpose can be realized. 

As described above, according to the present invention, 

15 there are provided the sound absorbing structure having a 
satisfactory sound absorbing characteristic over a wide 
frequency range. Moreover, the sound absorbing structure is 
capable of improving the sound absorbing characteristic in a 
required frequency range or totally improving the sound 

20 absorption coefficient in a wide frequency range to meet a 
purpose. In addition, the engine cover for an automobile 
incorporates the sound absorbing structure can be also 
provided. 

Now, a fourth embodiment of the present invention will 
25 be described in detail. 

A porous member having continued voids in the fourth 
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embodiment of the present invention is exemplified by a 
open-cell foam or a molded fibrous material. The present 
invention is not limited to the foregoing materials. 

When the open-cell foam is employed in the fourth 
5 embodiment of the present invention, it is preferable that the 
coefficient of water absorption of the foam member is 0.2 g/ cm 3 
or higher, more preferably 0.3 g/cm 3 or higher and most 
preferably 0.4 g/cm 3 or higher. When the foam member having 
the foregoing coefficient of water absorption is employed, a 

10 sound absorbing structure exhibiting an excellent sound 
absorbing characteristic can be obtained. 

The coefficient of water absorption is measured by a 
method conforming to JIS K67 67-B. 

The main component of the continued foam member may be 

15 any one of a polymer materials, such as rubber, elastomer, 
thermoplastic resin and thermosetting resin. The polymer 
material is exemplified by rubber, such as CR (chloroprene 
rubber), SBR ( styrene butadiene rubber ) , NBR (nitrile butadiene 
rubber), EPDM (ternary polymer of ethylene, propylene and 

20 diene) , silicon rubber, fluorine rubber or acrylic rubber; any 
one of various elastomers, such as a thermoplastic elastomer 
and soft urethane; any one of thermoplastic resin, such as 
polyethylene, polypropylene, polyamide or polyester; and any 
one of thermosetting resin, such as hard urethane or phenol 

25 resin. The present invention is not limited to the foregoing 
materials. Since a foam member, the main component of which 
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is soft urethane, is a low-cost material as well as having a 
satisfactory strength, the material is a preferred material to 
be combined with a sound insulating cover. As the foam member, 
a sheet constituted by a foam member made of soft urethane 
5 marketed as a cushion material may be employed. 

The main component of the molded fibrous material as 
the porous member according to the present invention may be any 
one of a variety of molded fibrous materials, such as an organic 
molded fibrous material or an inorganic molded fibrous material . 

10 The molded fibrous material is exemplified by a molded organic 
fibrous material, such as polyester felt, cotton felt or unwoven 
nylon fiber and a molded inorganic fibrous material, such as 
glass wool or rock wool. The present invention is not limited 
to the foregoing material. Glass wool which is a low cost 

15 material exhibiting excellent heat resistance is a preferred 
material . 

The molded fibrous material may be glass wool marketed 
as a sound insulation material or a heat insulation material 
as a building element. 

20 The main component of a coating film provided for the 

porous member according to the present invention may be a 
variety of thermoplastic resin or thermosetting resin. 

The coating film is exemplified by a polyethylene film, 
a polypropylene film, a polyester film, a polyvinyl chloride 

25 film, a polyamide film, a polyurethane film and ethylene-vinyl 
acetate copolymer film. The present invention is not limited 
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to the foregoing materials. 

The film is disposed to cover at least the overall 
surface of the sound source. When the film is disposed, a 
variety of pressure sensitive adhesives, such as an adhesive 
5 and an adhesive tape, may be employed. As an alternative to 
bonding of the film, the film may be joined by a means, such 
as a stapling or sewing. The film and the porous member may 
directly be welded to each other by a heat press or the like. 

As an alternative to the film, the surface of the porous 
10 member may be fused with an iron or the like to form the coating 
film, the present invention is not limited to the method of 
forming the coating film. 

The sound absorbing structure according to the present 
invention is constituted by forming through holes in the porous 
15 member coated with the coating film. 

When a ratio of a total area of openings of the through 
holes {hereinafter called a "total area of openings") formed 
in the surface coated with the coating film is too low with 
respect to the area of the surface coated with the coating film, 
20 a satisfactory sound absorbing characteristic cannot be 
realized. If the ratio of the total area of the openings of 
the through hole formed in the surface coated with the coating 
film is too high, the sound absorption coefficient 
deteriorates . 

25 Therefore, it is preferable for the present invention 

that the ratio of the total area of the openings in the surface 
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coated with the coating film is specified to a predetermined 
range. It is preferable that the ratio is not less than 1 % 
nor more than 70 %, more preferably not less than 3 % nor more 
than 50 % and most preferably not less than 5 % nor more than 
5 40 %. The sound absorbing structure having the ratio of the 
total area of the openings of the through holes which satisfies 
the foregoing range is able to satisfactorily improve the sound 
absorbing characteristic . 

The present invention is not limited to the size, the 

10 shape (a planar shape of the opening) and the positions of the 
openings which are formed in the porous member. For example, 
a structure as shown in Fig. 2 OA may be employed in which a 
plurality of circular through holes 403 having the same size 
may be formed at intersections of a lattice having a spacing 

15 such that the through holes 403 penetrate a porous member 401 
and a coating film 402. In this case, the diameter of each of 
the. through holes 403 is enlarged or the number of the through 
holes 403 per unit area is increased. That is, when the 
intervals of the intersections of the lattice are reduced, the 

20 sound absorption coefficient in a high frequency range can be 
improved. When the diameter of each of the through holes 403 
is reduced or when the number of the through holes 403 per unit 
area is increased, that is, when the intervals of the 
intersections of the lattice are elongated, the sound 

25 absorption coefficient in a low frequency range can be improved. 
Therefore, the sound absorption coefficient in a required 
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frequency range can be improved by determining the size of each 
of the through holes 403 or the intervals of the intersections 
of the lattice to be adequate values. 

When the size and the positions of the through holes 
5 403 are equal to constant, the sound absorption coefficient in 
the low frequency range can be improved as the thickness (a total 
thickness of the porous member 401 and the coating film 402) 
of the sound absorbing structure is enlarged. The frequency 
range in which the sound absorbing effect can be improved varies 

10 according to the thickness. When the size, shape and the 
positions of the through holes 403 are arbitrarily changed by 
adjusting the thickness of the sound absorbing structure, the 
sound absorbing effect in a predetermined frequency range can 
be improved. Therefore, a noise level in a required frequency 

15 range can be reduced. 

As described above, the sound absorbing structure 
according to the present invention is able to easily improve 
the sound absorbing characteristic in a specific frequency 
range . 

20 When the present invention is structured such that two 

or more layers of the porous members each having the coating 
film formed on at least either surface thereof are laminated, 
a sound absorbing structure having a more satisfactory sound 
absorption coefficient can be obtained. In the this case, each 

25 layer (the porous member coated with the coating film) must be 
disposed such that the surface coated with the coating film 
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faces the sound source. Moreover, the through holes must be 
formed in the layer closest to the sound source. The through 
holes may be provided for the farthermost layer from the sound 
source or the through hole may be omitted from the farthermost 
5 layer. The total area of openings in the layer closest to the 
sound source is made to be largest . As the distance is elongated 
from the sound source, the total area of the openings is 
gradually reduced. 

The sound absorbing structure having the laminate 

10 structure is shown in Figs. 21A and 22A. Each of the portion 
on this side of the top view and the upper portion in the cross 
sectional view A-A are adjacent to the sound source. 

As shown in Figs. 21A and 21B, a first layer A4 is 
prepared which has a coating film 4 02 formed on either surface 

15 of a porous member 401 and which is provided with a plurality 
of circular through holes 403 having the same size and formed 
at the intersections of the lattice having a spacing. A second 
layer B4 having a coating film 402a formed on either surface 
of a porous member 401a is prepared. The first layer A4 and 

20 the second layer B4 are disposed such that the both of the coating 
films 402 and 402a face the sound source. Specifically, the 
first layer A4 is laminated closer to the sound source. Thus, 
the sound absorbing structure can be constituted. 

The first layer A4 and second layer B4 may incorporate 

25 the same porous members and coating films. As an alternative 
to this, porous members and coating films, the materials, the 
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thicknesses and the physical properties of which are different 
from each other , may be employed. 

As shown in Figs. 22A and 22B, a first layer A4 is 
prepared which has a coating film 4 02 formed on either surface 
5 of a porous member 401 and which is provided with a plurality 
of circular through holes 403 having the same size and formed 
at the intersections of the lattice having a spacing. Moreover, 
a third layer C4 is prepared which has a coating film 402c formed 
on either surface of a porous member 401c and provided with a 

10 plurality of circular through holes 403c having the same size 
which is smaller than the size of each of the through holes 403 
formed in the first layer A4 and formed at the intersections 
of the same lattice of the first layer A4 . The first layer A4 
and the third layer C4 are disposed such that both of the coating 

15 films 402 and 402c face the sound source. Moreover, the first 
layer A4 is laminated closer to the sound source. Thus, the 
sound absorbing structure can be constituted. 

The first layer A4 and the third layer C4 may incorporate 
the same porous members and coating films. As an alternative 

20 to this, porous members and coating films, the materials, the 
thicknesses and the physical properties of which are different 
from each other, may be employed. 

The sound absorbing structure may have a triple-layer 
structure (not shown) obtained by sequentially laminating the 

25 first layer A4, the third layer C4 and the second layer B4 in 
this order when viewed from the sound source. 
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The reason why the sound absorbing characteristic can 
be improved in a wide frequency range by employing the 
above-mentioned laminate structure is, by the inventors of the 
present invention, considered as follows. 
5 That is, each of the porous members each of which is 

provided with the through holes and coated with the coating film 
is able to improve the sound absorbing characteristic with 
respect to a single frequency. When plural types of porous 
members coated with the coating films and arranged such that 

10 the sizes and/or positions of the through holes and the 
different frequency characteristics are laminated and 
integrated, each layer is able to improve the sound absorbing 
characteristic at each specific frequency. Thus, the 
laminated layers are able to improve the sound absorbing 

15 characteristics over a wide frequency range. 

The sound absorbing structure according to the present 
invention may varied. 

For example, the through hole may be formed into a 
triangular shape, a rectangular shape, a polygonal shape or an 

20 elliptic shape. In some cases, an amorphous shape may be 
employed. The through holes may be formed at random planar 
positions as well as the lattice configuration. 

The sound absorbing structure according to the fourth 
embodiment of the present invention is not limited to a specific 

25 theory. This sound absorbing structure is characterized in 
that the structure is similar to a perforated plate which is 
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a resonant-type sound absorbing structure having an air layer 
formed at the rear of a perforated hard board. Therefore, a 
sound absorbing mechanism using resonance similar to the 
perforated plate is effected as one of the sound absorbing 
5 mechanisms . 

The characteristic of the structure of the sound 
absorbing structure according to the present invention lies in 
that the structure is similar to that of a membrane oscillation 
type sound absorbing structure having an air layer formed at 
10 the rear of a soft membrane substance, such as a resin film. 
Therefore, it is conceivable that also a sound absorbing 
mechanism using oscillations of the membrane is effected. 

That is, the sound absorbing structure according to the 
present invention uses both of the resonant-type sound 
15 absorbing mechanism and the membrane oscillation type sound 
absorbing mechanism so that the satisfactory sound absorbing 
characteristic over a wide frequency range is realized. 

In general, the membrane oscillation type sound 
absorbing structure incorporating the perforated plate 
20 constituted by a hard board or a resin film exhibits a somewhat 
satisfactory sound absorbing characteristic in a single 
frequency range. However, the overall sound absorbing 
characteristic is unsatisfactory. Although it has been known 
that the structure in which a open-cell foam or glass wool is 
25 provided for the air layer at the rear of the perforated plate 
or the membrane substance enables the sound absorbing 
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characteristic to be improved, the sound absorbing 
characteristic is unsatisfactory. 

On the other hand, the sound absorbing structure 
according to the present invention exhibits significantly 
5 excellent sound absorbing characteristic as compared with the 
conventional membrane oscillation type sound absorbing 
structure incorporating the perforated plate constituted by the 
hard board or the resin film. When also a comparison is made 
with the sole foam member and the molded fibrous member in the 
10 form of a sole structure, significantly excellent sound 
absorbing characteristics can be obtained contrary to 
expectations . 

As described above, the sound absorbing structure 
according to the present invention exhibits satisfactory sound 
15 absorbing characteristic over a wide frequency range. 
Moreover, the sound absorbing characteristic in a required 
frequency range can be improved to meet a requirement. 

When each of the sound absorbing structures is disposed 
on the inside (adjacent to the sound source) of the sound 
20 insulating cover, a sound insulating cover can be provided which 
is able to arbitrarily control the frequency range in which the 
sound insulation effect can be obtained. Note that the present 
invention includes the foregoing sound insulating cover. 

The body of the sound insulating cover may be made of 
25 metal, such as iron, aluminum or stainless steel, or resin such 
as nylon, polypropylene or unsaturated polyester. The resin 
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may be added with a filler and/or fibers. A material obtained 
by adding the filler and/or the fibers to nylon is a light weight 
material exhibiting excellent heat resistance and strength. 
Therefore, the foregoing material is a preferred material to 
5 constitute the sound insulating cover. 

The sound absorbing structure is secured to the inner 
surface of the sound insulating cover by a method which is not 
limited to a specific method. For example, a structure as shown 
in Fig. 23 may be employed in which the coating film 4 02 of the 
10 sound absorbing structure faces the sound source. Moreover, 
the interface between the porous member 401 and the body 410 
of the sound insulating cover is secured by an adhesive means 
411, such as an adhesive agent, a pressure sensitive adhesive 
agent or a pressure sensitive adhesive tape. 
15 A structure as shown in Fig. 2 4 may be employed in which 

the surface of the sound absorbing structure coated with the 
coating film 402 is covered with a net 412. Another structure 
as shown in Fig. 25 may be employed in which the porous member 
401 of the sound absorbing structure is secured by a pin 413 
20 allowed to project over the inner surface of the body 410 of 
the cover. 

Examples of the present invention will now be described 
more in detail. Note that the present invention is not limited 
to the following examples. 
25 In Examples 29 to 33 and Comparative Examples 20 to 25, 

normal incidence sound absorption coefficients were measured 
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under rigid wall contact condition conforming to JIS A1405. 

In Examples 34 to 3 8 and Comparative Examples 2 6 to 31, 
a measuring apparatus shown in Fig. 2 6 was employed. That is, 
a stainless steel container having a bottom formed into a 
5 rectangular shape, a size of 435 mm x 330 mm and a depth of 35 
mm was employed as a sound insulating cover body 420. A sound 
absorbing structure 421 having a size of 435 mm x 330 mm was 
secured to the inner surface of the sound insulating cover body 
42 0 by using a pressure sensitive adhesive agent. The sound 

10 insulating cover body 420 was secured to an aluminum plate 424 
through legs 422 made of aluminum, having a rectangular cross 
sectional shape, a size of 20 mm x 50 mm and a height of 70 mm 
with a pressure sensitive tape such that the sound absorbing 
structure 421 faced a speaker unit 423. The measurement was 

15 performed such that white noise was radiated from the speaker 
unit 423 so that a microphone 425 disposed immediately above 
the . sound insulating cover body 420 at a height of 50 mm was 
used to measure the noise level. The noise level was measured 
in a frequency range from 250 Hz to 5000 Hz with a resolution 

20 of 1/3 octave. Also noise of the sole body of the sound 
insulating cover body 420 in a state in which the sound absorbing 
structure 421 was omitted was measured. The noise level 
realized when the sound absorbing structure 421 was disposed 
was subtracted from the noise level of the sole body of the sound 

25 insulating cover body 420 was the noise insulation effect of 
the sound absorbing structure 421. As the value of the noise 
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insulation effect was increased, the effect of reducing noise 
was improved* 
(Example 29) 

A foam-member sheet (a open-cell hereinafter applied 
5 to the following examples) made of soft urethane and having a 
thickness of 10 mm, a bulk density of 25 kg/m 3 and a coefficient 
of water absorption of 0.7 6 g/cm 3 and a polyethylene film having 
a thickness of 0 . 05 mm were bonded to each other with an adhesive 
agent. Moreover, a through hole having a diameter of 5 mm was 
10 formed at each of intersections of a lattice, the pitches of 
which were 20 mm. Thus, a sound absorbing structure was 
manufactured. The sound absorbing structure was disposed such 
that the surface to which the polyethylene film was not bonded 
faced the rigid wall. Then, the normal incidence sound 
15 absorption coefficient was measured. 
(Example 30) 

A foam-member sheet made of soft urethane and having 
a thickness of 10 mm, a bulk density of 25 kg/m 3 and a coefficient 
of water absorption of 0.7 6 g/cm 3 and a polyethylene film having 

20 a thickness of 0 . 05 mm were bonded to each other with an adhesive 
agent. Moreover, a through hole having a diameter of 10 mm was 
formed at each of intersections of a lattice, the pitches of 
which were 20 mm. Thus, a sound absorbing structure was 
manufactured. The sound absorbing structure was disposed such 

25 that the surface to which the polyethylene film was not bonded 
faced the rigid wall. Then, the normal incidence sound 
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absorption coefficient was measured. 
(Example 31) 

A foam-member sheet made of soft urethane and having 
a thickness of 10 mm, a bulk density of 25 kg/m 3 and a coefficient 
5 of water absorption of 0.7 6 g/cm 3 and a polyethylene film having 
a thickness of 0.05 mm were bonded to each other with an adhesive 
agent. Moreover, a through hole having a diameter of 13 mm was 
formed at each of intersections of a lattice, the pitches of 
which were 2 0 mm. Thus, a sound absorbing structure was 
10 manufactured. The sound absorbing structure was disposed such 
that the surface to which the polyethylene film was not bonded 
faced the rigid wall. Then, the normal incidence sound 
absorption coefficient was measured. 
(Example 32) 

15 A glass wool sheet having a bulk density of 48 kg/m 

and a polyethylene film having a thickness of 0 . 05 mm were bonded 
to e.ach other with an adhesive agent. Moreover, a through hole 
having a diameter of 10 mm was formed at each of intersections 
of a lattice, the pitches of which were 20 mm. Thus, a sound 

20 absorbing structure was manufactured. The sound absorbing 
structure was disposed such that the surface to which the 
polyethylene film was not bonded faced the rigid wall. Then, 
the normal incidence sound absorption coefficient was measured. 
(Example 33) 

25 A foam-member sheet made of soft urethane and having 

a thickness of 10 mm, a bulk density of 25 kg/m 3 and a coefficient 
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of water absorption of 0.76 g/cm and a polyethylene film having 
a thickness of 0.05 mm were bonded to each other with an adhesive 
agent. Moreover, a through hole having a diameter of 10 mm was 
formed at each of intersections of a lattice, the pitches of 
5 which were 20 mm. Thus, a first sound absorbing structure was 
manufactured. A foam-member sheet made of soft urethane and 
having a thickness of 10 mm, a bulk density of 25 kg/m and a 
coefficient of water absorption of 0.76 g/cm 3 and a polyethylene 
film having a thickness of 0.05 mm were bonded to each other 

10 with an adhesive agent. Thus, a second sound absorbing 
structure was manufactured. The surface of the first sound 
absorbing structure to which the polyethylene film was not 
bonded was bonded to the surface of the polyethylene film of 
the second sound absorbing structure with an adhesive agent. 

15 Thus, a sound absorbing structure was obtained. The sound 
absorbing structure was disposed such that the surface to which 
the .second sound absorbing structure faced the rigid wall. Then, 
the normal incidence sound absorption coefficient was measured. 
(Example 34) 

20 A foam-member sheet made of soft urethane and having 

a thickness of 10 mm, a bulk density of 25 kg/m 3 and a coefficient 
of water absorption of 0.7 6 g/cm 3 and a polyethylene film having 
a thickness of 0 . 05 mm were bonded to each other with an adhesive 
agent. Moreover, a through hole having a diameter of 10 mm was 

25 formed at each of intersections of a lattice, the pitches of 
which were 20 mm. Thus, a first sound absorbing structure was 
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manufactured. A foam-member sheet made of soft urethane and 
having a thickness of 10 mm, a bulk density of 25 kg/m 3 and a 
coefficient of water absorption of 0.7 6 g/cm 3 and a polyethylene 
film having a thickness of 0.05 mm were bonded to each other 
5 with an adhesive agent. Moreover, a through hole having a 
diameter of 5 mm was formed at each of intersections of a lattice, 
the pitches of which were 20 mm. Thus, a second sound absorbing 
structure was manufactured. The first and second sound 
absorbing structures were disposed such that their through 

10 holes are made to be concentric. Then, the surface of the first 
sound absorbing structure to which the polyethylene film was 
not bonded was bonded to the surface of the polyethylene film 
of the second sound absorbing structure with an adhesive agent. 
Thus, a sound absorbing structure was obtained. The sound 

15 absorbing structure was disposed such that the surface to which 
second sound absorbing structure faced the rigid wall. Then, 
the normal incidence sound absorption coefficient was measured. 
(Example 35) 

The sound absorbing structure according to Example 29 
20 was used. The sound absorbing structure was disposed such that 
its surface to which the polyethylene film was not bonded faced 
the rigid wall . Then, the noise insulation effect was measured. 
(Example 36) 

The sound absorbing structure according to Example 30 
25 was used. The sound absorbing structure was disposed such that 
its surface to which the polyethylene film was not bonded faced 
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the rigid wall. Then, the noise insulation effect was measured. 
(Example 37) 

The sound absorbing structure according to Example 31 
was used. The sound absorbing structure was disposed such that 
5 its surface to which the polyethylene film was not bonded faced 
the rigid wall . Then, the noise insulation effect was measured. 
(Example 38) 

The sound absorbing structure according to Example 32 
was used. The sound absorbing structure was disposed such that 
10 its surface to which the polyethylene film was not bonded faced 
the rigid wall . Then, the noise insulation effect was measured. 
(Example 39) 

The sound absorbing structure according to Example 33 
was used. The sound absorbing structure was disposed such that 
15 the second sound absorbing structure faced the rigid wall . Then, 
the noise insulation effect was measured. 
(Example 40) 

The sound absorbing structure according to Example 34 
was used. The sound absorbing structure was disposed such that 
20 the second sound absorbing structure faced the rigid wall . Then, 
the noise insulation effect was measured. 
(Comparative Example 20) 

The normal incidence sound absorption coefficient of 
a sound absorbing structure in the form of one foam-member sheet 
25 was measured which was made of soft urethane and which had a 
thickness of 10 mm, a bulk density of 25 kg/m 3 and a coefficient 
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of water absorption of 0.7 6 g/cm . 
(Comparative Example 21) 

The normal incidence sound absorption coefficient of 
a sound absorbing structure in the form of one foam-member sheet 
5 was measured which was made of soft urethane and which had a 
thickness of 20 mm, a bulk density of 25 kg/m 3 and a coefficient 
of water absorption of 0.7 6 g/cm 3 . 
(Comparative Example 22) 

The normal incidence sound absorption coefficient of 

10 a sound absorbing structure in the form of one foam-member sheet 
(mixed-cell) was measured which was made of EPDM and which had 
a thickness of 10 mm, a bulk density of 100 kg/m and a 
coefficient of water absorption of 0.071 g/cm 3 . 
(Comparative Example 23) 

15 The normal incidence sound absorption coefficient of 

a sound absorbing structure in the form of one foam-member sheet 
(closed-cell) was measured which was made of EPDM and which had 
a thickness of 10 mm, a bulk density of 460 kg/m 3 and a 
coefficient of water absorption of 0.0028 g/cm 3 . 

20 (Comparative Example 24) 

The normal incidence sound absorption coefficient of 
a sound absorbing structure in the form of one glass wool sheet 
was measured which had a thickness of 10 mm and a bulk density 
of 48 kg/m 3 . 

25 (Comparative Example 25) 

A foam-member sheet made of soft urethane and having 
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a thickness of 10 mm, a bulk density of 25 kg/m and a coefficient 
of water absorption of 0.76 g/cm and a polyethylene film having 
a thickness of 0 . 05 mm were bonded to each other with an adhesive 
agent. The sound absorbing structure was disposed such that 
5 the surface to which the polyethylene film was not bonded faced 
the rigid wall. Then, the normal incidence sound absorption 
coefficient was measured. 
(Comparative Example 26) 

An aluminum plate having a thickness of 5 mm was provided 

10 with through holes each having a diameter of 5 mm and formed 
at each intersection of a lattice, the pitches of which were 
20 mm. Then, a foam-member sheet made of soft urethane and 
having a thickness of 5 mm, a bulk density of 25 kg/m and a 
coefficient of water absorption of 0.7 6 g/cm 3 was bonded to the 

15 aluminum sheet with an adhesive agent. Thus, a sound absorbing 
structure was manufactured. The sound absorbing structure was 
disposed such that the foam member made of the soft urethane 
faced the rigid wall. Then, the normal incidence sound 
absorption coefficient was measured. 

20 (Comparative Example 27) 

The sound absorbing structure according to Comparative 
Example 20 was used. The sound absorbing structure was bonded 
to the sound insulating cover body 42 0 shown in Fig. 2 6 with 
an adhesive agent. Then, the noise insulation effect was 

25 measured. 

(Comparative Example 28) 
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The sound absorbing structure according to Comparative 
Example 21 was used. The sound absorbing structure was bonded 
to the sound insulating cover body 420 shown in Fig. 26 with 
an adhesive agent. Then, the noise insulation effect was 
5 measured. 

(Comparative Example 29) 

The sound absorbing structure according to Comparative 
Example 22 was used. The sound absorbing structure was bonded 
to the sound insulating cover body 420 shown in Fig. 2 6 with 
10 an adhesive agent. Then, the noise insulation effect was 
measured. 

(Comparative Example 30) 

The sound absorbing structure according to Comparative 
Example 23 was used. The sound absorbing structure was bonded 
15 to the sound insulating cover body 420 shown in Fig. 2 6 with 
an adhesive agent. Then, the noise insulation effect was 
measured. 

(Comparative Example 31) 

The sound absorbing structure according to Comparative 
20 Example 24 was used. The sound absorbing structure was bonded 
to the sound insulating cover body 420 shown in Fig. 2 6 with 
an adhesive agent. Then, the noise insulation effect was 
measured. 

(Comparative Example 32) 
25 The sound absorbing structure according to Comparative 

Example 25 was used. The surface to which the polyethylene film 
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was not bonded was bonded to the sound insulating cover body 
420 shown in Fig. 2 6 with an adhesive agent. Then, the noise 
insulation effect was measured. 
(Comparative Example 33) 
5 The sound absorbing structure according to Comparative 

Example 2 6 was used. The soft urethane foam member was bonded 
to the sound insulating cover body 420 shown in Fig. 2 6 with 
an adhesive agent. Then, the noise insulation effect was 
measured. 

10 Table 5 collectively shows the material, structure and 

the physical properties of the sound absorbing structure 
according to each example. Table 6 collectively shows the 
material, structure and the physical properties of the sound 
absorbing structure according to each comparative example. 
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The sound absorbing structure according to Example 29 
is the sound absorbing structure according to the present 
invention. The sound absorbing structures according to 
Comparative Examples 2 9 and 31 to 33 are constituted by 
5 general-purpose sound insulation materials, which were the 
open-cell urethane foam, the mixed-cell foam, the closed-cell 
foam and glass wool. The thickness of each of the sound 
absorbing structures was the same as that of the sound absorbing 
structure according to Example 29. In Example 35, the noise 

10 insulation effect of the sound absorbing structure according 
to Example 29 was measured. In Comparative Examples 27 and 29 
to 31, the noise insulation effect of each of the general- 
purpose noise insulation materials according to Comparative 
Examples 20 and 22 to 24 was measured. 

15 Results of measurement of the normal incidence sound 

absorption coefficients of Example 29 and Comparative Examples 
20 and 22 are shown in Fig. 27. The normal incidence sound 
absorption coefficients of Example 29 and Comparative Examples 
23 and 24 are shown in Fig. 28. Results of measurement of the 

20 noise insulation effects of Example 35 and Comparative Examples 
27 and 29 are shown in Fig. 29. Results of measurement of the 
noise insulation effects of Example 35 and Comparative Examples 
30 and 31 are shown in Fig. 30. As can be understood from the 
these drawings, the sound absorbing structures according to 

25 Examples 29 and 32 exhibit a high sound absorption coefficient 
and an excellent noise insulation effect in substantially the 
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overall frequency range as compared with the comparative 
examples which are general-purpose noise insulation materials . 

The structures according to Example 29 and Comparative 
Example 25 are arranged such that urethane foam and polyethylene 
film are combined with each other. The sound absorbing 
structure according to Example 29 is provided with the through 
holes. On the other hand, no through hole is provided for the 
structure according to Comparative Example 25. In Comparative 
Example 32, the noise insulation effect of the sound absorbing 
structure according to Comparative Example 25 was measured. 

Results of measurement of the normal incidence sound 
absorption coefficient of each of Example 29 and Comparative 
Example 25 were shown in Fig. 31. Results of measurement of 
the noise insulation effect of each of Example 35 and 
Comparative Example 32 are shown in Fig. 32. As can be 
understood from the drawings, the structures according to 
Example 34 and Comparative Example 32 show somewhat high sound 
absorption coefficients and somewhat satisfactory noise 
insulation effects in a single and narrow frequency range. The 
sound absorbing structure according to Examples 29 and 35 
exhibit high sound absorption coefficients and satisfactory 
noise insulation effects in a wide frequency range. 

The structure according to Comparative Example 2 6 is 
a perforated plate having a resonant-type sound absorbing 
structure incorporating a hard board constituted by an aluminum 
plate and having through holes . In Comparative Example 33, the 
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noise insulation effect of the perforated plate according to 
Comparative Example 26 was measured. 

The normal incidence sound absorption coefficients of 
Example 2 9 and Comparative Example 2 6 are shown in Fig. 33. 
5 Results of measurement of the noise insulation effects of 
Example 35 and Comparative Example 33 are shown in Fig. 34. As 
can be understood from the drawings, the structures according 
to Examples 2 9 and 35 exhibit high sound absorption coefficients 
in a relatively wide frequency range as compared with those of 

10 Comparative Examples 2 6 and 33. 

The sound absorbing structures according to Examples 
33 and 34 are the sound absorbing structure having the laminate 
structure according to the present invention. Both of the sound 
absorbing structures are provided with the through holes formed 

15 in the layer adjacent to the sound source. The sound absorbing 
structure according to Example 33 is not provided with the 
through hole in the layer distant from the sound source, while 
the sound absorbing structure according to Example 34 has the 
through holes as well as in the layer distant from the sound 

20 source. In Examples 39 and 40, the noise insulation effects 
of the sound absorbing structures according to Examples 33 and 
6 were measured. In Comparative Example 28, the noise 
insulation effect of the sound absorbing structure according 
to Comparative Example 21 was measured. 

25 The normal incidence sound absorption coefficients of 

the structures according to Examples 33 and 34 and Comparative 
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Example 21 are shown in Fig. 35. Results of measured noise 
insulation effects of Examples 39 and 40 and Comparative Example 
2 8 are shown in Fig. 36. As can be understood from the drawings, 
the sound absorbing structures according to Examples 33, 34, 

5 39, and 40 exhibited high sound absorption coefficients and 
satisfactory noise insulation effects in a wide frequency range . 

The structures according to Comparative Examples 21 and 28 
results in high sound absorption coefficients and satisfactory 
noise insulation effects in only a high frequency range. 

10 The sound absorbing structures according to Examples 

29 to 31 are the sound absorbing structures according to the 
present invention and different from each other in the diameter 
of each of the through holes. In Examples 35 to 37, the noise 
insulation effects of the sound absorbing structures according 

15 to Examples 29 to 31 were measured. 

Results of measurement of the normal incidence sound 
absorption coefficients of Examples 29 to 31 are shown in Fig. 
37. Results of the noise insulation effects of Examples 35 to 
37 are shown in Fig. 38. As can be understood from the drawing, 

20 the sound absorbing structure according to Examples 29 to 31 
exhibited high sound absorption coefficients in a relatively 
wide frequency rang. As the diameter of the through hole is 
increased, the frequency range in which the sound absorbing 
characteristic and the noise insulation effect are obtained is 

25 shifted to the high frequency range. That is, according to the 
present invention, arbitrary change in the diameter of the 



- 97 - 



through hole enables the sound absorbing characteristic and the 
noise insulation effect in an arbitrarily frequency range to 
easily be improved. 

The sound absorbing structure according to Examples 2 9 
5 and 32 are the sound absorbing structures according to the 
present invention. The sound absorbing structure according to 
Example 29 incorporates the porous member constituted by the 
urethane foam. The sound absorbing structure according to 
Example 32 incorporates the porous member constituted by glass 

10 wool. In Examples 35 and 38, the noise insulation effects of 
the sound absorbing structures according to Examples 29 and 32 
were measured. 

Results of measurement of the normal incidence sound 
absorption coefficient of Examples 29 and 32 were shown in Fig. 

15 39. Results of measurement of the noise insulation effects of 
Examples 35 and 38 are shown in Fig. 40. As can be understood 
from the drawings, the sound absorbing structures according to 
Examples 29 and 32 exhibited high sound absorption coefficients 
and satisfactory noise insulation effects in a relatively wide 

20 frequency range. That is, the sound absorbing structure 
according to the present invention can be applied to the 
structure incorporating the porous member of a type constituted 
by the open-cell structure without any limitation. 

As can be understood from the results, the sound 

25 absorbing structure according to the present invention exhibits 
excellent sound absorbing characteristics. 
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When the positions (dense or sparse) of through holes 
are arbitrarily changed, the sound absorption coefficient at 
a required frequency can be raised regardless of the positions 
(the thickness) . When the sound absorbing structure according 
5 to the present invention is mounted on a sound insulating cover, 
the noise level at an arbitrary frequency can be reduced. Thus, 
a sound absorbing effect can be obtained to meet a purpose. 

As described above, according to the present invention, 
a sound absorbing structure and a sound insulating cover can 
10 be provided which have satisfactory sound absorbing 
characteristics in a wide frequency range and which are capable 
of improving the sound absorbing characteristics in a required 
frequency range to meet a requirement. 

While only certain embodiments of the invention have 
15 been specifically described herein, it will be apparent that 
numerous modifications may be made thereto without departing 
froip. the spirit and scope of the invention. 

The present invention is based on Japanese Patent 
Applications No. Hei. 11-7994, Hei . 11-76152, Hei. 11-76153, 
20 and Hei . 11-3 64690 which are incorporated herein by references . 
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What is claimed is: 

1. A sound absorbing structure comprising at least one 
porous member including a plurality of holes, wherein said holes 
are at least one kind of through holes and non-through holes. 

2. The sound absorbing structure according to claim 1, 
wherein said porous member includes a structure formed by mixing 
open-cells and closed-cells. 

3. The sound absorbing structure according to claim 1, 
wherein said through holes and non-through holes have a plural 
types of diameters, shapes of openings, and depths. 

4. The sound absorbing structure according to claim 1, 
wherein the coefficient of water absorption of said porous 
member is in the range between 0.01 g/cm 3 and 0.2 g/cm 3 , and 
the bulk density before said holes are provided is in the range 
between 2 0 kg/m 3 and 4 00 kg/m 3 . 

5. The sound absorbing structure according to claim 1, 
wherein 25 ^-compressive hardness of said porous member is 0.5 
N/cm 2 or lower. 

6. The sound absorbing structure according to claim 1, 
wherein thickness of said porous member varies according to the 
position, and at least any one of the diameter, the shape of 
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opening, the depth and the position of said holes of said porous 
5 member varies according to the thickness. 

7. An engine cover comprising a sound absorbing structure 
according to claim 1 . 

8. The sound absorbing structure according to claim 1, 
wherein a plurality of porous members are stacked. 

9. The sound absorbing structure according to claim 8, 
wherein said porous member includes a structure formed by mixing 
open-cells and closed-cells. 

10. The sound absorbing structure according to claim 8, 
wherein said porous members are stacked along at least one 
interface of the porous members such that either of said porous 
members is not secured to another porous member. 

11. The sound absorbing structure according to claim 8, 
wherein said porous members are stacked along at least one 
interface of the porous members such that either of said porous 
members is partially secured to another porous member. 

12. The sound absorbing structure according to claim 11, 
wherein the sum of areas with which said porous members are 
secured to each other is not larger than 50 % of the area of 
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the interface. 

13. The sound absorbing structure according to claim 11, 
wherein said porous members are secured to each other by fixing 
using one of a plurality of pins and sewing. 

14. The sound absorbing structure according to claim 8, 
wherein the coefficient of water absorption of said porous 

3 3 

member is in the range between 0.01 g/cm and 0.2 g/cm . 

15. The sound absorbing structure according to claim 8, 
wherein the bulk density of said porous member is in the range 
between 20 kg/m 3 and 400 kg/m 3 . 

16. The sound absorbing structure according to claim 8, 
wherein the 25 ^-compressive hardness of said porous member is 
0.5,N/cm 2 or lower. 

17. An engine cover for an automobile comprising a sound 
absorbing structure according to claims 8. 

18. The engine cover according to claim 17, wherein said 
sound absorbing structure is secured to a cover body by at least 
any one of using pins, covering with a net, and sewing. 

19. The sound absorbing structure according to claim 1, 
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wherein said holes of porous members are formed as 
diameter-varied holes, and an area of opening of each said 
diameter-varied hole formed in the surface opposite to a sound 
source is largest and the area of opening of each said 
diameter-varied hole is reduced in a direction of the thickness 
of said porous member. 

20. The sound absorbing structure according to claim 19, 
wherein the sum of the areas of opening of said diameter-varied 
holes formed in the surface opposite to the sound source is in 
the range between 1 % and 7 0 %. 

21. The sound absorbing structure according to claim 19, 
wherein the coefficient of water absorption of said porous 

3 3 

member is in the range between 0.01 g/cm and 0.2 g/cm , and 

3 3 

the bulk density is in the range between 20 kg/m and 400 kg/m . 

22. The sound absorbing structure according to claim 19, 
wherein the 25 %-compressive hardness of said porous member is 

3 

not higher than 0.5 N/m . 

23. The sound absorbing structure according to claim 19, 
wherein the thickness of said porous member varies according 
to the position, and at' least any one of the shape of opening, 
the depth, and the position of each of said diameter-varied 
holes is varied according to the thickness. 
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24. An engine cover for an automobile comprising a sound 
absorbing structure according to claim 19. 

25. The sound absorbing structure according to claim 8, 
wherein said porous members includes a plural types of 
diameter-varied holes, the areas of opening of which are 
different from one another, and said through holes are 
positioned coaxial ly. 

26. The sound absorbing structure according to claim 25, 
wherein the sum of the areas of opening of said diameter-varied 
holes formed in the surface opposite to the sound source is in 
the range between 1 % and 7 0 %. 

27. The sound absorbing structure according to claim 25, 
wherein the coefficient of water absorption of said porous 

3 3 

member is in the range between 0.01 g/cm and 0.2 g/cm , and 

3 3 

the bulk density is in the range between 20 kg/m and 400 kg/m . 

28. The sound absorbing structure according to claim 25, 
wherein the 25 %-compressive hardness of said porous member is 
not higher than 0.5 N/m 3 . 

29. The sound absorbing structure according to claim 25, 
wherein the thickness of said porous member varies according 
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to the position, and at least any one of the shape of opening, 
the depth and the position of each of said diameter-varied holes 
is varied according to the thickness. 

30. An engine cover for an automobile comprising a sound 
absorbing structure according to claim 25. 

31. The sound absorbing structure according to claim 1, 
further comprising a coating film formed on at least a surface 
of said porous member which is opposite to a sound source wherein 
said holes penetrates said coating film and said porous member. 

32. The sound absorbing structure according to claim 31, 
wherein said porous member includes continued voids. 

33. The sound absorbing structure according to claim 31, 
wherein a ratio of areas of openings of said holes opened in 
the surface having said coating film formed thereon is in the 
range of 1 % and 7 0 %. 

34. The sound absorbing structure according to claim 31, 
wherein the component of said porous member is one of urethane 
foam and a molded fibrous material. 

35. The sound absorbing structure according to claim 31, 
wherein the main component of said porous member is urethane 
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foam having a coefficient of water absorption of 0.2 g/cm or 
greater . 

36. A sound insulation cover comprising a sound absorbing 
member according to claim 31. 

37. The sound absorbing structure according to claim 8, 
further comprising a coating film formed on at least a surface 
of said porous member which is opposite to a sound source wherein 
said holes penetrates said coating film and said porous member. 

38. The sound absorbing structure according to claim 37, 
wherein a total area of openings of said holes of said sound 
absorbing member disposed nearest the sound source is largest, 
the total area of openings of said through holes is gradually 
reduced as the distance from the sound source is increased and 
said through holes have the same center. 

39. The sound absorbing structure according to claim 37, 
wherein said porous member includes continued voids. 

40. The sound absorbing structure according to claim 37, 
wherein a ratio of areas of openings of said holes opened in 
the surface having said coating film formed thereon is in the 
range of 1 % and 70 %. 
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41. The sound absorbing structure according to claim 37, 
wherein the component of said porous member is one of urethane 
foam and a molded fibrous material. 

42. The sound absorbing structure according to claim 37, 
wherein the main component of said porous member is urethane 
foam having a coefficient of water absorption of 0.2 g/cm or 
greater. 

43. A sound insulation cover comprising a sound absorbing 
member according to claim 37. 
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Abstract of the Disclosure 



A sound absorbing structure comprising at least one 
porous member including a plurality of holes, and the holes are 
at least one kind of through holes and non- through holes. It 
is preferable that a plurality of porous members are stacked. 

It is also preferable that the holes of porous members are 
formed as diameter-varied holes, and an area of opening of each 
diameter-varied hole formed in the surface opposite to a sound 
source is largest and the area of opening of each the 
diameter-varied hole is reduced in a direction of the thickness 
of the porous member. Moreover, it is also preferable that the 
sound absorbing structure further comprises a coating film 
formed on at least a surface of the porous member which is 
opposite to a sound source wherein the holes penetrates the 
coating film and the porous member. 
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As a below named inventor, I hereby declare that my residence, post office address and citizenship are as stated below next to my name, and I believe I 
am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if plural names are listed below) of the 
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referred to above. I acknowledge the duty to disclose all information known to me to be material to patentability as defined in 37 C.F.R. 1.56. I hereby 
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I hereby claim domestic priority benefit under 35 U.S.C. 120/365 of the indicated United States applications listed below and PCT international applications 
listed above or below and, if this is a continuation-in-part (CIP ) application, insofar as the subject matter disclosed and claimed in this application is in 
addition to that disclosed in such prior applications, I acknowledge the duty to disclose all information known to me to be material to patentability as defined 
in 37 C.F.R. 1.56 which became available between the filing date of each such prior application and the national or PCT international filing date of this 
, application: 

I PRIOR U.S. PROVISIONAL, NONPROVISIONAL AND/OR PCT APPLICATION(S) Status Priority Claimed 

! Application No. (series code/serial no.) Day/MONTH/Year Filed ~ pending, abandoned, patented Yes No 



§1 hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are believed to be 
"true; and further that these statements were made with the knowledge that willful false statements and the like so made are punishable by fine or 
b imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that' such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 
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1 persons no longer with their firm and to act and rely on instructions from and communicate directly with the person/assignee/attomey/firrn/ 
^organization who/which first sends/sent this case to them and by whom/which I hereby declare that I have consented after full disclosure to be 
" represented unless/until I instruct the above Firm and/or a below attorney in writing to the contrary. 
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